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iÒ
( ±olÖÃ·ü/ö. }kQôĉ
ĕ, ¾ B>DMt{ (Anaerobic Baffled Reactor: ABR) /Ö+, ¿V);3I
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, Ê7IøČ¿W¤
k+±¼đõám
( kû_Ď±o+¯)*, ÜđĐdJ<PÔ¤
/kĚvó 2»¾ 9;?I±o+ßz,.  
 å 7ä, CRIÁ, Ê7IÕ¸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(*9;?Ieo´Ā^/ö. CRIÁÕ¸ ABR /W\¿iÒ9;?I, 
Ê7IÕ¸ 2»SyÅ¾ ÀÄ (Up-flow Anaerobic Sludge Blanket: UASB) Tė
Å£;GP: (Down-flow Hanging Sponge) /ì$w.¿iÒ9;?I/Ñ~hþ
ð, čîāĜ/¬. í´, UÕ¸g, Ĕ×iÒ9;?I/e+(*, ÑÏ9;
?I(*&c,°ëiÒ¿ĉ/),+g, Ço´4;§jē
( ¿iÒ¨+6;@
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įĬ1 
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1Ě#, ı
ćŹ×
ă+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ęįÁ!kĜ¸ú:BÝ{ž,®0, 2/!¼1¼Ł,Ŷ21"
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1.   
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"Į,ő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1!.0, Ĝ¸ú:BÝ{ž"Ě8L[;`"
î!ő 1UZFI4ó
1. jżŨ¶ñď¶2<Z`^ſįU9KCT (Clean Development Mechanism: CDM) 4źĮ
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, Øŗào4tŵ£#, oet"įÁųb£yĚĜ¸ú:Bž4ū1






ú:B"Ċķ ĝ¶éĒ#õķĽ2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 öŤç#, v 8ľ	/ 1. Fig.-1.1!öŤç"Ą×4ĸ. Ŀ 1ľ#ÆŤ0, öĵĻ"Őï
ıİ!ű&.  
 Ŀ 2 ľ#, êÍ"ĳś0, ø6A6¦©"6=]7^EBIZ`!1ÉČzĪ@BG
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(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UD^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 Ŀ 6ľ#, ¢Ì|_Œŭ.$ĶŽ¬4*ÉČ"³ċÔzĪĦÔ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22ÉČzĪÔő"Šp4Ŗ
. 2/"ŉú4Į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Î/2ŉú4ŌÛ, ø6A6¦©"6=]7^EBIZ`
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Ĝ¸ú:BÝ{ž"Ěź} ÉČzĪ@BGT"¾u!ű&1.  
 




Fig.-1.1 Schematic diagram of this thesis. 
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
 ;-/0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åǟ!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Ï269 8. }Ũ, FpWMa'=evDñõ$6*%, ȇȬ'Îȃñõ&ǗNA=ʖ
. Ĺ , b|mƠǒƋ	5*āǂLmǒƋ', ŽÎ=O=ñõ%ǆŷ&=Iy?zUPZv|!8
"Ⱦ8.  
 ɝĨ, b|mƠ'ʒǓ!$, ´ǑÛȞB^wG|&)"!8a?CY>|Sw&Ðť"




ǐûǧý;£ɤ /"çʐ;ŷ 8. }Ũ, āǂLm%ɽ 3, ǥƠɑƵƁƭçʐ4ñ
ǎǐûçʐ&Ȼƿ
6, ÌǥǃťǕż&ÞŊLm&ŵå" Ƥǟʅ/ 	7, &ʉȷ3ü
Ȓ 8 (Ȫ¥, 2013). 
$6, āǂLm'ŽÎ=O=ǆŷ&ǒƋ!8"
6, ĸ&ȔǑ
ǒɵüÆ'ʀ69 	7, ÌǥɑƵǕż&ÞŊLm;buLm_FǕż&āǂLm!ȘŜ , }ů
Ǟ%ǥƠþāǂɑƵƙǊ;ʖ28"! 3, ±" '
 Ęż&āǂLm& ȑɔ;
Ŭ2, Ȑƀ" āǂLm¡ƅ&ʖʕ4guzX|NszɻǛ%58ƉſǧýǺ%ȗ8ń98"
9 8 (ÍƇ6, 2013). Ĺ , b|mƠ	5*āǂLm&ǒƋ"3%, D|iz]r|Zuw$





:6, ɨĭ&ǑǒŒĀǐû,&ɍȧ; /ÛȞŃ;ŷ 




Fig.-2.1 Production of major farm products in South-east Asia. 
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 kx|N="?z[^N=%	8ȷə·ɚǒǅ!8b|mƠ', & 2Dí!ǗǑǒɵ&Ȋ
85%%ɩ 8 (MPOB, 2011). Ȅb|mƠ (Crude Palm Oil: CPO) ; 1ZzǑǒ8ʄ%, ħò!Ȋ 2.5 
m3&Įƪ (Palm Oil Mill Effluent: POME) Ŗ·98"Ⱦ:9 8 (Wong6, 2009; ǝ6, 2009). 
POME', ÌĈǞɳȋȷƜɵ (Chemical Oxygen Demand: COD) ƻĭ 30-90 g/L, ƨɦǅɒ (Suspended 
Solids: SS) ƻĭ 10-40 g/L, ȟɒƻĭ 4-8 g/L!7, ìĵŃŷƒǅ	5*ȟɒ¸;ÿá1ʖƻĭŷ
ƒŃĮƪ!8 (Zinatizadeh6, 2007; Vijayaraghava6, 2006; Ahmad6, 2003; Wood6, 1979). Ǎð, kx
|N=	5*?z[^N=%'b|mƠĢù 800DŌǲ« 	7, &."<#!Įƪ¶Ǐ%
'ąƚŃuI|zǓ69 8 (Poh & Chong, 2009). &¶ǏƢ'}ȥ%, 100 ū%Ó+ɹ
ƛǏĈǞƸǘůɼ (Hydraulic Retention Time: HRT) ;ȷ8ǀ, ĪĀ$ɁȘʌǳĿȷ"$8 (Yacob6, 
2006). }ȥǞ$uI|zNPXm'ɻŠô!8ǀ, POME ąƚǞ%¸Ƚ98", ŶȍǞ%ƳĎÈ
ƀEP!8nTzEPĀƚ%Š·98. ǍǇ!b|mƠĢù&8Įƛ¶ǏNPXm'KP
Zʌ
6ąƚŃ¶Ǐ!7, Áɞ&uI|z&%, ąƚŃƩÌƎ, ɳǑŊuI|z;Ȏ0Þ:
ąƚŃƩÌƎ, ĸƖ¶Ǐ" ăƚŃuI|z;Ȏ0Þ:ąƚŃƩÌƎǓ69 8 (Igwe 
& Onyegbado, 2007). Table-2.1%čȹƏ!ǲ« 8ąƚŃ& POME¶ǏNPXm&ŃȞ;ǫ. u
I|zNPXm4ɻŠôąƚŃƩÌƎ!', 100 ū&ɹ HRT;
 ¶Ǐ8"!, ʖŷƒ
ǅʁÒȞ;ŷ 8. }Ũ, Ēɺô&ąƚŃƩÌƎ!', uI|zNPXm&Ȋ 1/2-1/20/!¶Ǐɢĭ
Ǥȕ9 8, ċ±ƫÞô!8ǀ, ƩÌƎ³&Ɲƣƻĭ;ʖƻĭ%¤œ8"'êʇ!8
"
6, ʖŷƒǅɍȧ (Oranigc Loading Rate: OLR) %58ɧɖ'ɩŊ9 $. Busu6', ƩÌ
Ǝ¶Ǐĸ%ƟƘƎ;ɁȘ, &ƟƘƝƣ;ƩÌƎ%Ļǐ8"%57, ƩÌƎ³&Ɲƣƻĭ;
ʖ2, &ĒɺôąƚŃƩÌƎ"ƙɗ , 2-6¦ʖ OLR!&ɧɖ;ɩŊ 8 (Busu6, 2010).  
 POME&ʖɢ¶Ǐ&Ʉ0', uiPJ|wȳȘ!ɤ269 8. Table-2.2%uiPJ|w& POME
¶ǏNPXm&ŃȞƙɗ;ǫ. ʖ OLR ;ɩŊ8ǀ%', HRT "'ǈǷ%ƝƣƸǘůɼ (Sludge 
Retention Time: SRT) ;KzZy|w, ʖƻĭ%ȉ³!Ǒǅ;¤œ8Ŀȷ8 (Ðǔ6, 2004). HRT
" SRT ;¸ʆÛȞ$NPXm!8 UASB, ȢĲƝƣī (Expanded Granular Sludge Bed: EGSB), ABR, Ƨ
Êīv=HT| (Flidized Bed Reactor: FBR), àƧąƚŃƝƣìČȡ (Up-flow Anaerobic Sludge Fixed-
film: UASFF) , ȡa?Cv=HT| (Membrane Bioreactor: MBR) Ǻ&ǦǴɤ269 8 (Chan6, 
2009; Poh & Chong, 2009; Wu6, 2010). FBR , two-stage UASB, UASFF	5* EGSB!'ʖ OLR!&
ɧɖÛȞ!8, 96&NPXm!'Ƨ°Įƛ&ƻĭ;ĥɴ%5 ɇŤ 8ǀ, ßƍ&Ń
Ȟ;čĢùĮƪ!ĺ8ǀ%', Á¶ǏǺ, 6
2ŌČɵ&ŷƒǅ;ʁÒ 	Ŀȷ8. /, 
9&NPXm%	 3, ǍǇ&NPXm"ƙɗ ę°KPZʖ¡!7, 
ɧɖ{ǾǏ%
ʖŏȰÅ;ȷ83&38ǀ, 96&ŏȰ&čĢù,&ę°'ɤ<!$&ǍǇ!8 
(Lam & Lee, 2011).  
 }Ũ, CPO&Ǒǒɨǰ!Ŗ·98Įƈǅ4Âǒǅ', B^wG|Ƶ" &jXzNpw;ŷ 
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8. kx|N=&B^wG|ǡ', b|mƠǒƋ¤ŷ8´ǑÛȞB^wG|ɑƵ" &jXz
Npw', ƉſƕƲ%Ɠ!ÿ, 6¬ 3790~ RM/year"øã 8 (KeTTHA, 2014). Fig.2-3%b|
mƠ&ǑǒĢǰ;ǫ. b|mƠǑǒɨǰ!Ŗ·98$Âǒǅ"Įƈǅ', ǵŋ (Empty fruit bunch: 
EFB) , POME, Ȗȓ, Ǳ, ƊĆƗŕ698. Ȗȓ, Ǳ, ƊĆƗ'%i?u|&ǃť" Ǔ9 




0, áƛƙ; 50%%ȩ"ĸ%i?u|&ǃť" 3¼Ǔ9 8. /, POME&ąƚŃƩ
ÌƎƧ·Ɲƣ4ƛƩÌƝƣ"ƫÞ KzjPZÌ8ŏȰ3ɻǛ9 8 (Chiew & Shimada, 
2013; Sulaiman6, 2011; Foo & Hameed, 2010; Baharuddin6, 2009, 2010; Kala6, 2009). Ŷ3Ŗ·ɵ&ÿ
 POME', Áɞ&ƍ%uI|zǺ%57¶ǏŊ9 	7, &¶Ǐƛ'ÿƍ$Ƅʓúʑ;á1
"
6, guzX|Nsz³&ƪȝ" Ǔ9 8. POME &ąƚŃ¶Ǐɨǰ!ǑŊ98nT







ƛȋǛɲ4 POME &Ƅʓ;¼ǓļȌȫʑ&öʓ, öʓļȌȫʑ%58ɳÌƾȋìČ4ļȌ
ȫʑ
6&a?CBT_|w&ǑŊ% &ǦǴ3ɤ269 8 (Azimatun Nur & Hadiyanto, 2013; 
Lam & Lee, 2011). Ĺ , ĸ3ŷǓ$a?CkPɑƵ" , POME&ŷÈ¼ǓƢ% &ǦǴ
£ɤ9 "ƴ98.  
 











HRT OLR COD removal
(m3) (g/L) (days) (kgCOD/(m3.d)) (%)
Opend anaerobic digester 3,640 × 6 43 120 0.4 80 Yacob et al., 2005.
Closed anaerobic digester 2,500 × 3 45-70 18 2.6-3.5 80-85 Tong and Bakar Jaafar, 2005.
Anaerobic lagoon 7,500 × 4 56 160 0.4 98 Yacob et al, 2006.
Closed anaerobic digester 500 28.9-79.6 7.4 6.0 96 Busu et al, 2010.
Closed anaerobic digester 3,100 × 4 50-72 48 1.0-1.5 73 Shibuya et al., 2011
Ref.Treatment system
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Volume Temperature Inlet. COD
concentration
HRT OLR COD removal
(L) (oC) (g/L) (days) (kgCOD/(m3.d)) (%)
Completed mixed reactor 2 55 63-73 25 3 83 Chin & Wong, 1983.
Semi-continuous digester 2 35 70 6 13 75 Cail & Barford, 1985.
FBR 1 35 10 0.25 40 78 Borja & Banks, 1995.
Two-stage UASB 12 (1st)
5 (2nd)
35 31 1 30 90 Borja et al., 1996.
Modified ABR 32 - 16 3 5.3 78 Faisal & Unno, 2001.
UASFF 5 38 35 1.5 23 90 Najafpour et al., 2006.
EGSB 22 35 35 2 17.5 91 Zhang et al., 2008.
UASB 1.3 55 50 5 6 92 Fang et al., 2011.
EGSB 1.5 55 50 5 6 93 Fang et al., 2011.
Hybrid MBR 100 25 45 1 6 99 Damayanti et al., 2011.
Treatment system Ref.




 āǂLm'ŽÎ=O=ñõ%ʅ=Iy?zUPZv|!7, T?, ?z[^N=	5*kx
|N=& 3Dí!Ǘ&Ǒǒɵ& 60%;Ï2 8 (Mohammadi6, 2010). buLm_F&Ɛƪ"
 èÕ98āǂLmuXWHP (Natural Rubber Latex: NRL) ', ŏȰǞƅLm (Technically 
Specified Rubber: TSR), ƻȕuXWHP (Concentrate Latex: CL) "ȺȼǞƅLm (Ribbed Smoked 
Sheet: RSS) & 3Ǳʑ&ÐťLm%Ǎñ!ÆĢ9, ə·9 8. TSR'hwZǺ&ȅŃ&ʖLm
ȴå, CL'LmōȲǺ&ƪ&Lm
6ȴɣ8Lmȴå, RSS'T?q4ĢƋǓ&LmɯåǺ&Ðť
" Ǔ9 8 (Jawjit6, 2010; Takasakul & Tekasakul, 2006). CL" RSS' NRL
6&0ȴɣ
98, TSR &}ɯ', NRL ;èÕ8DWg&!µìDWguzg;Ǔ Ǒǒ98. í%
5 , Ǒǒ98Lmȴå&ƙǊ'ǚ$ 	7, ǗŶĀ&āǂLmǑǒí!8T?!', RSS&
Ǒǒɵ 43%"Ŷ3ƙǊʖ, Ȓ TSR 36%, CL 17%"$ 8 (Takasakul & Tekasakul, 
2006) . /, CL%ɽ ', ǗǑǒɵ&Ȋ 70%T?!Ǒǒ9 8. }Ũ, ɝĨLmǒƋłŊ
ɹ;ɥ 8hZ\m!', ±Ǒǒɵ& 88% TSR !7, CL " RSS '99 6%&Ǒǒ
ƙǊ"$ 8. Fig.2-4%ÝLmȴå&ȴɣĢǰ;ǫ. NRL'TWdzI%57èÕ9ĸ, ɧ
Şɠ%	8Ǒǅ¸Ƚ%ɓé8 pH &%58Lm&µì;ɾǀ, =zo]=ƬÆ98. 
Ģù%½Ǣĸ, TSR	5* RSS&ȴɣ!', NRL;ƛ!ĥɴĸ%, Lm;µì8ǀ%ɱɳ8
'ȭɳƬÆ98. ÁȜ' NRL%Ė ǳƙ! 2-3%;ƬÆ, ĸȜ' 1-2%;ƬÆ8ǀ, ƬÆɵ&
ě$ȭɳ" Ǔ9 8 (Nugyen6, 2004). }Ũ, CL'ɪľ¸ʆ%57 NRL&ǄL
m¸ (Dry Rubber Content : DRC) ; 60%/!ƻȕ8, &Áĸ%3=zo]=ƬÆ98. /, 
ɪľ¸ʆĸ&ƹ0 (Skim Latex : SL) %3 5%ǰĭLmƕć 8ǀ, ǩɳǺ&ĳɳ;ƬÆ 
ƕćLm¸&èÕȯ:9 8.  
 āǂLmȴå&Ǒǒɨǰ%	 , TSR	5* RSS!' 25-35 m3/t-product, uXWHP!' 18 m3/t-
product&ĮƛŖ·98 (Nguyen & Luong, 2012). Table-2.3%ȱǞ$ĮƛȎŊ	5*T?, kx|
N=, hZ\m%	8Ŗƛ÷ƶ;ǫ. Mohammadi6', T?, kx|N=;ľ"ŽÎ=O=ñ
õ&Įƛ, Nugyen	5* Nugyen & Luong 'hZ\m&ĮƛȎŊ;ǫ 8 (Nugyen & Luong, 2012; 
Nguyen, 2011; Mohammadi et al., 2010). āǂLmȴɣĢùĮƛ&ǆĽ" , Áɞƍ% NRL&µì
%ŷƒɳ;Ǔ8ǀ, pH 5.0Áĸ&ɳŃ!7, ŷƒɳ$ CODŊ¸"$ 8. /, NRL
	5* CL&ȣǂµì;ɾǀ%, =zo]=;ƬÆ pH;8ǀ, Įƛ& COD/Nƙ 20ǰĭ
", ǶȋƻĭʖǆĽ;ŷ 8. CLĮƛ', Āɵ&=zo]=&ƬÆ", 9;ä8ǀ%ƬÆ
98ǩɳ&Ķʍ!, ŷƒǅ!$Ƕȋ	5*ǩʗŊ¸3ÿá/9 	7, 3Ǳʑ&Įƛ, Ŷ3
ʖƻĭĮƛ"$ 8 (Jawjit6, 2010; Thongnuekhang & Puetpainboon, 2004). /, hZ\m%	8




5*ìĵǅɒá/9 8"ŕ698. Ŗƛ÷ƶ%Ǣǟ8", T?, kx|N=, hZ\m&
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³, hZ\m&÷ƶŶ3Ñ"ǪɅ9. hZ\m!', āǂLmȴɣĢù;ĖɌ"÷ƶ 
(QCVN 01 : 2008/BTNMT) ;Č2 	7, ÷ƶ A'ǑƦǓƛ%¼Ǔ98ƛõ,Ŗ·8ùÞ, ÷ƶ B
'ǑƦǓƛþ%¼Ǔ98ƛõ,Ŗ·8ùÞ;ĖɌ" 8. hZ\m&."<#&Ģù!', 
÷ƶ B&0ɩŊ·ż 8Ǉơ!8, ĸ, ÷ƶ A&ɩŊȚË698ƍ%$ 8ǀ, ɫ
¹$Įƛ¶ǏNPXm&ɻǛŸ/9 8 (Nugyen & Luong, 2012).  
 āǂLmȴɣĢù%	8Įƛ¶ǏNPXm!', ųƚuI|zƢ	5*jz[NPXm}ȥǞ!
8 (Jawijt6, 2010; Chaiprapatand & Sdoodee, 2007). /, ."<#± &Ģù%	 , Įƛ¶Ǐgy
RP&ÁƖ%ua|ZuWg	5*ɇŤTzH;ŷ 8. ųƚuI|z', Ģù
6Ŗ·9Į
ƛ&Ǡř¶Ǐ!$, ąƚŃjz[4 UASBƢ&ĸƖ¶Ǐ" 3Ǔ69 8. 
$6, 
ɻŠôNPXm!8ųƚuI|zƢ4jz[NPXm', ƳĎÈƀEP&ĀƚŠ·4ĉñɝɭ&Ģ
ù%58ñƛƝƂ	5*ŅȤçʐǺ, ÿ&Ɇʐ;ő 8 (Smitha 6, 2012; Jawjit 6, 2010; 




&ÃƝƣǛǑ8"çʐ"$ 8 (Jawjit6, in press). }Ũ, Ēɺô&ąƚŃNPXm', 
ƳĎÈƀEP&ĀƚŠ·&ɾƔ, ǡB^wG|, nTz;B^wG|" èÕÛȞ, 	5*ÃƝƣǛ
Ǒɵě$Ǻ&¼ƿ;ŷ 	7, čʔĎxhw!&ǦǴɤ269 8. Table 2-4%, uiPJ|
w&āǂLmȴɣĢùĮƛ&¶ǏŃȞ&ƙɗ;ǫ. āǂLmȴɣĢùĮƛ;ĖɌ"uiPJ|w
Ʉʔ!', Ŷ3ʖƻĭ&Įƛ!8 CLĮƛ;ĖɌ"3&."<#!. CLĮƛ', ŷƒǅ, 
Ƕȋ"²%ʖǩɳúƻĭ;ŷ8";ǆĽ" 8. ąƚŃŻ%	 ǩɳúćðù
Þ, ǩɳúɬ®ȌȨŷƒǅ;¸Ƚ8"ßů%ǩÌƛȋǑŊ9, nTzǑŊÚȌȨ%ɿď;
8"ǣ69 8 (Lens6, 1998). Ĺ , CLĮƛ&ƍ%ʖƻĭ&ǩɳú;á1Įƛ&¶Ǐ;ȯ
ùÞ', 2Ǝİ&NPXm;ŘǓ, ÁƖ!ǩɳúɬ®, ĸƖ!nTzǛɲ;ȯ"%5 , ÈǊǞ











Fig.2-4 Flow diagram of natural rubber production (Hoang et al., 2007).  
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Table-2.3 Chemical characteristics of wastewater and discharge standard for natural rubber processing factory. 
 
 





 2.3ǿ, 2.4ǿ!ɞ-ƍ%, ŽÎ=O=ñõ%	8=Iy?zUPZv|!', uI|zNPXmǺ
&ɻŠôąƚŃĮƛ¶ǏNPXmƧ"$ 	7, gyRP³&ŷƒǅ¸Ƚ% ǑŊ98n
Tz, $ƳĎÈƀEP!8. /, Įƛ&Ƕȋáŷɵ%5 ', ɳÌǶȋ&Ŗ·3ƴ9
8. Table-2.5%, b|mƠ, āǂLm, ȇȬ, FpWMaǒƋ%	8ĨɼǑǒɵ, ĮƛŖ·ɵ, ŷƒǅ	5
*Ƕȋáŷɵ, ŷƒǅ	5*Ƕȋ&Ĩɼɍȧ;ǫ. Įƛ& COD/Nƙ%Ǣǟ8", POME!Ŷ3ʖ, 





 POME;ąƚŃ¶ǏùÞ, 1Zz& POMEĴ7 28 m3&a?CEPǑŊ9 (Quah6, 1981), 
a?CEP% 65%&nTz;á1 (Malaysian Palm Oil Association, 1999) "øã9 8. 
2012Ĩ&kx|N=, ?z[^N=í%	8 CPOǑǒɵ' 4,760 ~Zz!8. &ɨǰ!ǛǑ
A B
pH - 3.7-5.5 5.2 5.9 5.1 6.6-9.4 5.5-9.0 - 6-9 6-9
COD 3,500-14,000 3,540 2,720 4,350 11,900-26,900 120 400 50 250
BOD 1,500-7,000 2,020 1,590 2,510 7,600-13,800 20 100 30 50
TSS 200-700 114 67 80 470-2,220 50 150 50 100
TN 200-1,800 195 128 219 450-1,300 - 300 15 60
TKN - - - - - 100 - - -
NH3-N - 175 105 110 280-1,040 - 300 5 40






RSS CL Thailand Malaysia
VietnamParameter Unit
mg/L
Ref. : Nugyen, 2011; Nugyen & Luong, 2012.Ref. :
Mohammadi
et al., 2010.
Volume Temperature Inlet. COD
concentration
HRT OLR COD removal
(L) (oC) (g/L) (days) (kgCOD/(m3.d)) (%)
Anaerobic filter 70 35 18 2.5 11 92 Anotai  et al., 2006.
ABR 23 35 6 10 0.6 83 Kanyarat & Sumate, 2008.
UASB 2 45 3 4 1 68 Boonsawang et al., 2008.
UASB 2.8 35 10 1.6 6 84 Hatamoto et al., 2012.
Two-stage UASB
1.4 (1st)
2.8 (2nd) 55 36 10.5 3.3 62 Kongjan et al., in press.
Treatment system Ref.
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8 POME &¶Ǐ± ąƚŃuI|z!ȯ:9ùÞ&Āƚ%Š·98nTzEP&ɵ', &
ñǎƳŲÌ¢ţ (Global Warming Potential : GWP) ; CO2& 25¦ (IPCC, 2007) " ȿǽùÞ, 1Ĩ
Ĵ7 CO2Ŝǽ! 3,870~Zz (= 4,760 ~ t-CPO/year × 2.5 t-POME/t-CPO × 28 m3 -Biogas/t-POME × 
0.65 m3 -CH4/m3 -Biogas × 16 × 10-3 t-CH4/22.4 m3 -CH4 × 25 t-CO2e/t-CH4) "$8. &§' 2011Ĩĭ&ū
Źí³%	8ƳĎÈƀEPŠ·ɵ 13¬ 700~Zz (ǐûǡ, 2011) & 3.0%%Ĵ8. /, 2009Ĩ%
kx|N=í³! POME &¶Ǐ;ȯ 8ąƚŃuI|z
6Š·9nTzEP&ɵ', 2006
Ĩ&kx|N=í³%	8ƳĎÈƀEPŠ·ɵ (1 ¬ 8,700 ~Zz) & 6.4%!"øã9 
8 (Lam & Lee, 2011). ?z[^N=í³!', 2005 Ĩ%	8ƳĎÈƀEPŠ·ɵ' 18¬ 1,500~Zz
!7, & 8 Äƣƾñ4ƉſƼƽǺ%ɓé 	7, POME ¶ǏǕż&ƳĎÈƀEPŠ·ɵ'±
& 1%!8 (Warr & Yusuf, 2011).  
 }Ũ, ĐǙȈĜ4=\oWHP¶Ǐ, KzjPZÌǺ, Ƕȋáŷɵ&ʖĮƛ{Įƈǅ&¶Ǐů%Ŗ·
98ƳĎÈƀEP" , ɳÌǶȋŕ698. ɳÌǶȋ'ɳÌƾȋ& 298 ¦&ƳĎÈƀ;
ŷ 	7 (IPCC, 2007), ěɵ&Ŗ·! 3ñǎƳŲÌ%8Ķʍ'Ā. Ǎð, Įƛ¶ǏNP
Xm%	8ɳÌǶȋ&ǑŊnD]Qm'ŭ6
%$ $, Fig. 2-5 %ǫȏɕǍǇ!'
ț69 8. ɳÌǶȋǑŊ98ɨǰ', =zo]=
6Ǩɳ,&=zo]=ɳÌɨǰ"
Ǩɳ
6}ɳÌǶȋ, ɳÌǶȋ;ȏǕ8ȠǶÔŀ!Ŗ·98"9 8. ɳÌǶȋ&Ŗ·ɵ
', Įƛ&Ǳʑ4¶ǏgyRP%5 Āǚ$ 	7, Ƨ°8Ƕȋɍȧ%Ė 0-95%"ʋĦ
%ȀëĪ$ 8  (Kampschreur6, 2009). IPCCČ28Įƛ¶Ǐ%	8ɳÌǶȋ&Ŗ·¢
ţ' 0.005 kgN2O-N/kgNdischarge"$ 8 (IPCC, 2006) "
6, ĮƛǱ4¶ǏgyRP%5 '
ɳÌǶȋ&Ŗ·ɵ;ɨĚɃ¡ 8ùÞÿ"ț698. Kampschreur6', čȹƏ&=\
oWHPNPXm%	8ɳÌǶȋŖ·ɵ&Ƀ¡;ȯ 	7, ǨÌɨǰ!'Ƨ°Ƕȋɍȧ& 1.7%, 
=\oWHPɨǰ!' 0.6%&ɳÌǶȋŖ·9 "øã 	7 (Kampschreur6, 2008), Ǩ
Ìɨǰ%	8Ŗ·ɵ' IPCC&Č28Ŗ·¢ţ&Ȋ 3¦"$ 8. Foley6', ¶ǏgyRP"Į
ƛǱ&ǚ$8 7 ǼŌ&čȹƏĮƛ¶ǏNPXm%57ɇƃ;ȯ, ɳÌǶȋ&Ŗ·¢ţ; 0.006 – 
0.253 kgN2O-N/kgNdenitrified (average : 0.035±0.027 kgN2O-N/kgNdischarge) "øã 	7 (Foley6, 2010), 
Kampschreur6&øã"ßƍ%, IPCC&Č28Ŗ·¢ţ573Ā$§"$ 8. Fig. 2-6%ɳÌ
Ƕȋ&$Ŗ·ȷé;ǫ. ɳÌǶȋ', ǨÌÔŀů%', ƷćɳȋƻĭùÞ4, Ƨ°8ŷƒ
ǅɍȧ4Ƕȋɍȧ%Ė ɳȋ ȑɵɔ 8ùÞ%Ŗ·9Ů, ȠǶÔŀů%' COD/N ƙ
ùÞ4, Ʒćɳȋƕć 8ùÞ%Ŗ·9Ů"9 8 (Foley6, 2010; Kampschreur
6, 2009) . āǂLmǒƋ%	 ', ȷ$ɳÌǶȋŖ·Ƶ'guzX|Nsz³%ŢĤƪȝ







  ǹ 2Ǹ Ūķ&ǣȸ 
!
! 14!
Table-2.5 Production, wastewater discharge, COD and nitrogen content, organic and nitrogen loading in industry 




Fig.2-5 Biological nitrogen conversions. (1) Aerobic ammonia oxidation, (2) aerobic nitrite oxidation, (3) nitrate 
reduction to nitrite, (4) nitrite reduction to nitric oxide, (5) nitric oxide reduction to nitrous oxide, (6) nitrous 
oxide reduction to dinitrogen gas, (7) nitrogen fixation, (8) ammonium oxidation with nitrite to denitrogen gas. 
Complete nitrification comprises step 1 and 2, complete denitrification step 3-6. (Kampschreur6, 2009). 
 
 
Fig.2-6 Main parameters leading to N2O emission (Kampschreur6, 2009). 
Yearly production Wastwater discharge COD conc. TN conc. COD/N ratio Yearly COD load. Yearly nitrogen load.
(million ton-product/year) (m3-w.w./ton-product) (g/L) (g/L) (-) (million ton-COD/year) (million ton-N/year)
Palm oil 47.6 2.5 50 0.75 67 5.95 0.089 Takriff et al., 2010.
Natural rubber 8.7 25 10 1.00 10 2.18 0.218 Mohammadi et al., 2010.
Molasses 7.3 10 100 4.50 22 7.30 0.329 Sankaran et al., 2014.
Cassava 75.4 20 10 0.25 40 15.08 0.377 Khongsumran et al.,2014.
Crops Ref.





 Ǎð, ŽÎ=O=ñõ&=Iy?zUPZv|%	 ȵţ& CDM Ƌĝɻ9 8. Fig.-2.7
%ŽÎ=O=ñõ%	8 CDMƋ&ǜɷ¸Ĥ (UNFCCC, 2014) ;ǫ. ŽÎ=O=ñõ!', kx|
N=&Îȶɯ, T?&Îɯ, hZ\m&Íɯ"Îɯ% CDMƋƦǛ%ĝɻ9 . kx|N=
!', 108 & CDM Ƌǜɷ9 	7, &³ 43%b|mƠǒƋ;ĖɌ" čũ9  
(Lim & Lam, 2014).  Fig.-2.8%, b|mƠƠǒƋ%	8 CDMƋ&í»	5*³đ»&NA=;ǫ. 
b|mƠǒƋ%	8 CDMƋ!', kx|N=±&Ȋ 50%;Ï2 	7, kx|N=, ?z[^
N=, T?&ʘDí!±&Ȋ 80%;Ï2 . CDMƋ&³đ" ', POME
6&nTzèÕ
±& 70%, POME " EFB ;ǓKzjPZÌ 26%!. ŹǦǴ!ĖɌ"8 POME ¶Ǐ
%Ė8kx|N=šĬ&Ũɶ', ǍðĀƚŠ·9 8nTz&èÕ%58ƳĎÈƀEPŖ·ɵ&
Àư", èÕnTz&¼Ǔ (" Ǜʈ) !8"ǪɅ9 (Green Tech Malaysia, 2010). 
nTz&èÕŨƢ', ǍǇ&ąƚŃuI|z%Da|;ɁȘDa|[uI|z&ę° 70%, ɺɸ
ôąƚŃƩÌƎ&ɁȘ 30%! (Chin 6, 2013). Ƨ° COD ɵ%Ė8nTzǑŊɵ', ÁȜ
0.03-0.16 kg-CH4/kg-CODin, ĸȜ 0.07-0.23 kg-CH4/kg-CODin!7, ɺɸôąƚŃƩÌƎ&Ũ­9
¶ǏŃȞ;ŷ , Ƨ° POME& CODƻĭ 10 gCOD/L&Ģù!', ɺɸôąƚŃƩÌƎ
;ǓùÞ!3, Ƨ° CODɵ%Ė8nTzǑŊɵ' 0.07-0.10 kg-CH4/kg-CODin"
(Chin6, 
2013). Ĺ , POME&ʖɍȧ{ʖÈǊ¶ǏŏȰ&ɻǛ3, ĸĿȷ"$ 8"ǫæ9. /
, ūŹb|Z\|"$ 8Ɔ', kx|N=, ?z[^N=, T?!99 4, 2 , 4Ǫ
Ʌ9.  
 T?!', 2012Ĩůƿ%	 , 111& CMDƋǜɷ9 	7, &³ 63%b|mƠ, Fp
WMa, MZ@FcǺ&=Iy?zUPZv|"ǙǒƋ
6&nTzèÕ%ɽ8gyOAHZ!
 (Aggarangsi 6, 2013). T?šĬ'ĸ3=Iy?zUPZv|	5*ǙǒƋ&Įƛ{Įƈǅ
6&
nTzèÕ{¼Ǔ;Śɤ{ŝÇ Ũɶ!7, 96%ʃ Įƛ¶ǏNPXm	5*a?C
EP&ȆȴŏȰ&ɻǛ%ɽ8ǦǴ3ɤ269 8 (Aggarangsi6, 2013).  
 hZ\m!', 2009 Ĩůƿ! 14 & CDM ƋǜɷƮ0, 104 ŔČíĐƒɽ (Designated 
National Authority: DNA) &ŎɅ;× 	7, &ŽÎ=O=Ɉí"ƙɗ ƛÅǛʈ%ɽ8Ɔ&




CDMƆ&ǜɷţ3üÆªà%8 (UNFCCC, 2014).  
 }Ũ, āǂLmǒƋ;ĖɌ" CDMƋ&ǜɷ'ǪɅ9$
. &ǏǕ" , Table-2.5%













2.5ǿ!ɞ-ƍ%, āǂLmȴɣĢùĮƛ&ǆĽ" , COD/Nƙ"ŕ69 8ǀ, Į
ƛ¶Ǐɨǰ%	 nTz573ĳÅ$ƳĎÈƀEP!8ɳÌǶȋŖ·9 8ÛȞŃʖ
, &Ŗ·ɵŭ6
%$9(, CDMƋĝɻ94$8"ǫæ9.  
  
 
Fig.-2.7 CDM project map in South-east Asia (UNFCCC, 2014.) 
 
 










 ŽÎ=O=ñõ!ȷ$=Iy?zUPZv|', FpWMa, b|mƠ, āǂLm, ȇȬ& 4ǒƋ!




9 8"ŉŁ9. /, ŠƧ¯&ƛɒƝƂ, ñƛƝƂ	5*ŅȤǺ&ǐûçʐ;ıɓ
 	7, ǆ%hZ\m&āǂLmȴɣĢù%	 ', Ŗƛ÷ƶ&ɩŊǍǇ!'êʇ!8"

6, ɫ¹$Įƛ¶ǏŏȰ&ɻǛƜ269.  
 Įƛ¶Ǐɨǰ
6Ŗ·98ƳĎÈƀEP" , nTz	5*ɳÌǶȋț69, ǍǇ!
96&Ŗ·ɵ' IPCC Č28Ŗ·¢ţ;®%ǽ·9 8. 
$6, Ūø
6, ǆ%ɳ





6&ƳĎÈƀEPŖ·ɵ&Àư%ɽ8 CDMƋ&ĝɻ3Ū%Ą/ 8. 

$6, Įƛ&ʖɢ¶Ǐ4ɳÌǶȋŖ·ɵ%ǆÌgyOAHZ'."<#ǁ&ǍǇ!8.  
 !, ŹǦǴ!', ŽÎ=O=ñõ%ǆŷ&=Iy?zUPZv|!8b|mƠ"āǂLmǒƋ
;ĖɌ%, Ǎñ&Įƛ¶ǏNPXm
6Ŗ·98ƳĎÈƀEP&ƴČŏȰ&ɻǛ	5*Ŗ·ɵ&Ƀ¡
;ȯ!, ÝĮƛǱ%Ė ɫ¹$¶ǏNPXm&śƆ;ȯ, čɂɄʔ&Ȑƀ%÷ śƆN
PXm&ę°Èƀ;Ƀ¡8"!, ßñõ%ɫ¹$Įƛ¶ǏNPXm&ɻǛ;ȯ";ǟǞ".  
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 auhŗ'ǁǢǨƐ!Ġ§:9 POME(, ȇũĀ'Ĺňů=Æ>!	8, gpuO?Ð¤'.">
#'auhE@o÷Ø!(, äőēmKur%69¦ŷƽ<: 9. vƵƃ$mKurOQXh(
ǴĨÔ!9Ŭ, POME'äőƃ¨Ǆ%, Ţì±ĿGQ!9iTrÞǰ%ÞőĨ§: 	8, 
ÒŶŢĵ³'ǥƽ%Þî{ 9.  
 vĭ!, gpuO?ĩÿ(¥ŹÁƲC^oIuń'Ėǲ=ĩƙ" Ĥ 	8, auhŗźń4
'ðǒ"$ 	8, POME ¦ŷǨƐ!ƁŹ9`@EGQ'Ĺ±«Żř%Ƕ9 CDM ń4ƽ<
: 9 (Lam & Lee, 2011; Hassan7, 2009). CDMń" , äőēmKur
7Ĩ§:9Ţì±
ĿGQ=¬š9(Ê½Ĺ±«Ż9"(, gpuO?!$İĻƘ'ǥÐ%" 4i
nWZ'9ǋ1"$9. gpuO?' POME¦ŷ%Ƕ<9 CDMŁ!(, ŵƽOQXh (mKur5
EucrU@PBQTu) 
7Ĩ§:9iTr'ŹĖǰ(, OQXh%ŜtŜ§9āş' COD
ũĀ (ëţ) »* POME 'Ġ§ǰ68cqRQ¤!Ǹº:Ĺňůǰ=ƛ§, '% IPCC !
ê3 9iTrĠ§Ī (0.25 kgCH4/kgCOD) (IPCC, 2006) =, Ţĵ³Ī (GWP = 25) = 
ƛ§tģê 9. 
, 'iTrĠ§Ī(iTr' COD Ƙǰ (Ǹº: COD Ė¨  







Kur¤' 3Fė9( 4Fė%Ïê ţê=ƽ, ƦĴƃ$GQƁŹǰ	6*GQƥĖ'ţê=
ƽ 9 (Yacob7, 2006; Shirai7, 2003). :7'×Ç!(, þÞ$äőēmKur'vǫ
7Ď7
:Ĕ×=üÓ³, :=mKurƿǿƒ% Ĩ§ǰ=ƛ§ 9. vĭ!ŵÑ0!%, mKu
r
7ƁŹ9GQ'¨ú=Ǎƣ%ǐŀ×Ç($. !, Ļƕ!(, POME¦ŷmKur 

7'iTrGQ'ƁŹŰē=Ĳ7


















 Ļǐŀ(, gpuO?, RmrMuoö%9auhŗ÷Ø¤' POME¦ŷmKur=ðǒ" ƽ
. Ćǌ÷Ø( 1 İĆ8 650 Zr' FFB =¦ŷ9Ʋ¯=Ĺ 9, ǐŀĺǵ}'¦ŷǰ(
264–580Zr!. Ġ§:9 POME'ǰ(ţê: $Ŭ, ÷Ø¤!'Ʊĭ%Ö, FFB
'¦ŷǰ% 0.65=, 1Zr = 1 m3" POMEĠ§ǰ=ƛ§.  
 Ćǌ÷Ø%	9 POME¦ŷbqu= Fig.-3.1%ƍ. ÷Ø
7Ġ§: POME(, 0ŗÊ½T
rJ%Ǖž:, ŗ¨ (auhŗ) Ê½:Č, 2'ǮŹĖmKur (ǮŹĖmKur 1, 2: Â 1,575 
m3, ƿǿƒ 1,125 m2, üÓŠ 1.5 m, ǈǆ HRT 4İ) " 2'äőēmKur (äőēmKur 1: 16,168 
m3, ƿǿƒ 3,760 m2, üÓŠ 4.3 m, ǈǆ HRT 45İ, äőēmKur 2Ȋ16,072 m3, ƿǿƒ 4,018 m2, ü
ÓŠ 4.0 m, ǈǆ HRT 45İ) 'ǆ 4'mKur
7$9mKurOQXh%68¦ŷ: 9 
(ĞĄ¤'ÂmKur'íƒ, ƿǿƒ	6*üÓŠ(  ǈǆ). `@EGQƁŹǰ'ǐŀ(, ǮŹĖ
mKur 2"ķ4GQƁŹȄƺ$äőēmKur 1=ðǒ". $	, äőēmKur 2(, āşǰ




















mKur 2=ǸÂmKur'ŜtŜ§āş=Ǥ% 1Ê'ȃĀ!ġ¾, pH, ŢĀ, COD, ŪŒ³ů, 
ƼƂǗ, ƳǗ, SS, VSS	6*ħƁēĹňǮ (Volatile Fatty Acid : VFA) =ţê (n=4). 0, ǮŹĖm
Kur 2	6*äőēmKur 1'ŜtŜ§āş' pH, ŢĀ	6* COD%Ƕ (, ŏİţê=ƽ
. āş'ġ¾(, ÷ØƑ, POME'Ġ§ã0 1ĴǵČ%,  ƚė
7ÄĴ%ƽ. COD
(, HachƎ' Digestion Solution for COD (high range) =Ż ¨ľ. ŪŒ³ů	6*ƼƂǗ(, :
:bB_uo-ƋǮř	6* Lowryř%68ţê. ƳǗ( Bligh-Dyerř%ŦdHNr-@Sc
qa_uo=Żĭř%68ţê. SS, ĹňēŝǦůǗ (Volatile Suspended Solids : VSS) '¨ľ(, 
yŒǋȆĭř (yŒǋȆĭř, 1984) %Ö ƽ. VFA'¨ľ%(, FIDÔł§ÉGQJqgZK
mb (6890 GC, Agilent) =Ż.  
 0, GQƁŹǰǐŀ=ƽ 9ÂKnW[%	9āş% 4Œǿǟ' pH 	6*ŢĀ'
ţê=ƽ. ǮŹĖmKur'Nrco(ĚǞ1Ă'Nrcmu=Ż ġ¾, äőēmKur
'Nrco(euZ!NrcnrKÒū%ƽ, ƿô'QFh=Ǹ, 'y'āş=ġ¾, ţê.  

 ' !$\ZiV9HS
ǐŀðǒ'mKur( 28 'KnW[%¨® (Fig.-3.2). GQNrcmu(ÂKnW['}à%ǈ
Ư, ÂKnW[
7'GQƁŹǰ	6*GQƥĖ=ţê. ÂKnW['ƿǿƒ(, ǮŹĖmKur
!( 38 m2, äőēmKur!( 134 m2!. GQNrcmu(, SIRIM (Standards and Industrial 
Research Institute of Malaysia) Ĺ9 Buogas Ver.IV (0.8 m, ƿǿƒ 0.5 m2, y Buogas"Ǉǜ) =
Ż (Photo-3.1). Buogas!Ê½:`@EGQ(, ADuTuZmWc=Ʀ , mKur'õ%ǈƯ
ŤĂGQiuTu (RitterƎǁ, TG 1/6) %68ƁŹǰ=ţê. 0`@EGQ(, ƥĖ¨ľ'Ŭ
%GQ`WK%ġ¾, ?oMrGQ=Hkn?uGQ" TCDÔł§ÉGQJqgZKmb (GC-
2014, Shimadzu) % , ŒƢ, ƔƢ, iTr, Ǯ³ŪƢ'ũĀţê=ƽ. Ƌ³ŒƢũĀ'ţê(GQł
ƈƜ (No.  4H, GASTECH) =Ż ƽ.  
 ÂKnW['ţêĺǵ(, äőēmKur% (, ÂKnW[% 1İ (24 Ĵǵ) ". $	, GQ
iuTu'ǉíţêŜǰ'Ƕ
7, G1–G150!( Buogas= 2Ż, G16–G28(68Ý'ƿǿƒ
=F`u9Ŭ% Buogas = 3 Ż ţê. GQƁŹǰ	6*GQƥĖ¨ľŻ'Nrco'ġ¾
(, Buogas=ţêKnW[%ǈƯČ, 90¨"% 8ÊëĮ. ĆǌǐŀëĮĺǵ(, gpuO?'ç
%Ć 	8, ǐŀĺǵ}'ß(Ņ&ƶâ!. QLuo'ĈȀ%68, őŢ 5ºCƐĀy
9"4, GQƁŹǰţêĴ%GQ'ŢĀ=ţê9"%68, GQƁŹǰ'ŢĀǀŊ=ƽ

















Fig.-3.2 Grid layout of acidification lagoon 2 and anaerobic lagoon 1. 
 
 











%	9iTrŹĖśē=Ǌ. ǋȆÖǗ" , ǬǮ\ZnAh (2,000 mgCOD/L) "ŒƢ (H2/CO2 
= 80/20 [v/v], 140 kPa) =Ż. 'Ǎƣ$Ęȁ(į× (Syutsubo7, 2001) %Ŧ ƽ, ƦĴƃ%G





 ĻƊƓ!ǐŀ=ƽmKurOQXh(, 2'ǮŹĖmKur (::ǮŹĖmKur 1, ǮŹ
ĖmKur 2) ", 2'äőēmKur (::äőēmKur 1, äőēmKur 2) !ņĖ: 
9. ǮŹĖmKur 2 Ŝ¿' pH ( 3.6±0.5, ŢĀ( 46.5±2.6ºC, äőēmKur 1 Ŝ¿' pH (
4.6±0.7, ŢĀ( 43.2±2.6ºC, äőēmKur 1Ŝ§¿' pH( 7.7±0.2, ŢĀ( 33.6±1.1ºC"ğ²=ƍ
. ÷Ø
7Ġ§: POME ( 80–90ºC 'ȇŢ!, āŒ'Ŝy%, ÜőŢ"ÄƐĀ0
!ŢĀy "ƌǎ:.  
 mKurOQXh¤%	9āş' CODƥĖ'Û³= Fig.-3.3%ƍ. Â(, Ǥ% 1Ê'ȃĀ!ġ
¾ 4 İ¨'Nrco'üÓ=Ż. 28 İǵ'ǐŀĺǵ}, ÷Ø
7Ġ§:9 POME ' COD
( 79,200±3,470  mgCOD/L!8, äőēmKur 1
7'Ŝ§āş' COD 2,610±920 mgCOD/L!
. ŗÊ½TrJ=Æ2, äőēmKur 10!'mKurOQXh' CODǸºŴ( 96.7%!8, 
ĻOQXh(, 50İx'ǲŨžĴǵ=ǂ9¼ǿ, ÷Ø
7Ġ§: POME=ƶâ%¦ŷ 
. 0, ķ4iTrƁŹ äőēmKur 1'Ŝ COD( 35,900±12,300 mgCOD/L!8, 
ĻmKur·Ų!' CODǸºŴ( 92.7%!.  
 ÷Ø
7Ġ§: POME (, ŗÊ½TrJ!ŪŒ³ů"ƼƂǗ:: 56.1%, 31.1%Ǹº:
 9"ƌǎ:. 'Ǻ, SS 4 39.4%Ǹº: 9"
7, ŖŎ¨Ǽ%68Ïćē'ŪŒ
³ů"ƼƂǗǸº:"Ʊ7:. vĭ, ƳǗ( 33.1%Ú° 9"ƌǎ:. '
¹Ë" , ŗ=Ê½9Ǻ%, Ê½©:$
ŗ¨TrJ¤%ƻƒ "5, ŗÊ½Tr
J
7ǮŹĖmKur 1 ,(, frc%6 āŒ=Ǡş Ŭ, frc'ġŒƯŗ'ũƭ
:ô%$ ÁƲē$#Ʊ7:9. Ʃ , äőēmKur'­ō!9 2 'ǮŹĖmK
ur!(, ǮŹĖmKur 1,'ŜŒ=ÖŦ" , ŪŒ³ů, ƼƂǗ, ƳǗ(::, 71.2%, 41.4%, 




7, QFh" mKur¤%ƻƒ 9"Ʊ7:. č
 , ǮŹĖmKur%(, ƠȅƘ'ĳ¨ǄēĹňů=¨å³9"¡%, ƳǗ5ƮƪǗƘ'ǽ¨ǄēĹ
ňů=ZmWc9"%68, Čō'äőēmKur!'¦ŷ=éê³9ĉ®9"ǅ9. ä







. ķƤ¦ŷŒ}'ŋæĹňů(, ƼƂǗ"'Ĺňů::, 37.6%, 46.2%"Þǫ




Fig.-3.3 COD composition of influent and effluent of each lagoon. 

 ,"/.E3' !$
 ǮŹĖmKur 2	6*äőēmKur 1'ÂKnW[!ţê:ŹĖGQƥĖ, `@EGQŹĖ
ǡĀ, iTrGQŹĖǡĀ	6*ŒǗ¨ľƧĿ'ķñ, ķÞ	6*üÓ= Table-3.1%ƍ.  
 hZC,"/. 




@EGQŹĖǡĀ(, G11, G14, G18, G23, G26%	 (0.80–1.30 Nm3/(d·m2) !ģƏ, Ŝ§¿
ǟ'G3, G6!(0.18 Nm3/(d·m2) "ŹĖǡĀy. ŰĐƃ$Åǃ7:'(ŒƢ	6*iTr
'`@EGQ}'ũĀ!, KnW[mKur'Ŝ§¿%ǟ%:, `@EGQ}'ŒƢũĀ'š
ò"iTrũĀÚ°9Åǃ7:. ¢ƃ%(, mKurŜ¿ǟ'G26!(, ŒƢũĀ
19.9%, iTrũĀ5.0%!'%ðŜ§¿ǟ'G3!(, ŒƢũĀ2.3%, iTrũĀ32.2%
!. ǮŹĖmKur¤'ŢĀ(ơ45ºC, pH(Ǯē (4.3–4.9) !8, vƵƃ%iTrŹĖÀƣƸ'
śēy9ļy!Ŭ, iTrŹĖÀƣƸ%69ŒƢǸºƽ<:, `@EGQ}%ǮŹ







 äőēmKur 1 %	 (, ÂKnW['ŢĀ( 29.6–35.7ºC 'ǵ!8, üÓơ 35ºC '}ŢÕ!
. 0 pH(, äőēmKur%Ŝ9āş' pH 3.0–6.4ƐĀ!%4Ƕ<7, āşŜ
¿'ǟ!9 G1 	6* G2 %	 pH  6 ą!(, 6.9–8.4 (üÓ 7.5) !ģƏ . 
:(, äőēmKur%	 (, Ŝ9āşǰ%ð mKuríƒǨÞ!9"%69Ƭ
ƾ±Ŀ%68, pHiTrƁǭ%Ǫ©$ȂÕ0!xı, 0:%68iTrƁǭǥƽ9"

7 VFAŞǖ:, iTrŹĖǘ9Ǻ%Ź9Ǯ³ŪƢş}%ŧǞ2", 	6*ƼƂǗ'
¨Ǆ%?rj]?'ŹĖ%68?oFnťƨ:9$#'ŸÙī 9Ŭ!9"Ʊ
7:9.  
 `@EGQƁŹǰ% (, Ŝ¿"Ŝ§¿=ƅƫ!Ƨ+ǟǝ'KnW[% (Ŝ¿
7m
Kur}àǫ¨%
 ȇ, Ŝ§¿%Åòšò Åǃ7:. '"
7, :
7'KnW[('mKur%	9āş'~$ŜǙ%$ 	8, āş'¨Ǆ% ÂKnW['
ĹňůǓƷy, ƁŹ9`@EGQǰšò"Ʊ7:9. vĭ, mKurƖ'KnW[
7
ƁŹ9`@EGQǰ(, Ŝ¿"Ŝ§¿=ƅƫ!Ƨ+ǟǝ'KnW[%Ő-ò$Åǃ7:.  
 `@EGQ}'ŒƢũĀ(, Ŝ¿ǟ' G1	6* G2%	 '1 0.3%y'ũĀ!ł§:
, :Ü'KnW[%	 (ł§ǷŽy!. vĭ, iTrũĀ(Ŝ¿ǟ' G1 !
44.1%!, :%ǻĢ9KnW[ (G2, G7, G8) !(į% 60%­Č%0!xı, :Ü'K
nW[!( 67.3–75.6%!. 0Ƌ³ŒƢũĀ(, ŜÒū
7 2 ſƄ%ǟKnW[!9 G2
!ķÞ' 3,400 ppm"$8, Ŝ§Òū%vſǟKnW[!9 G28!ķñ' 1,100 ppm"$.  
 :0!% POME =¦ŷ 9mKurOQXh
7Ĩ§:9iTrGQǰ=ŵÒǐŀ%68
œ3×Ç( 29. Shirai7(mKur,'āş'Ŝ, mKur}à, 	6*Ŝ§' 3ƚė%
Vkr`u=ǈƯ, vsĸǵ'ţê=ƽ 9(Shirai7, 2003). 'ƧĿ, Ŝ	6*mKur}
à!(iTrũĀ 50%ƐĀ!, Ŝ§!( 10%%0!šò"×Ç 	8, ĻƊƓ"(
ƀ$9ğ²=ƍ 9. 0`@EGQŹĖǡĀ(Ŝ! 3.74 m3/(d·m2) (2.6 L/(min·m2)) !
'%ð, }à	6*Ŝ§!( 1.01 m3/(d·m2) (0.7 L/(min·m2)) ƐĀ!"×Ç 9. Yacob7
(mKur'Ŝ"Ŝ§% 2ƚė, Ãǆ 4ƚėVkr`u=ǈƯ, := 2'äőēmK
ur=ðǒ" 52Ǥǵ'ǲĺǣƩj]TnrK=ƽ 9 (Yacob7, 2006). ţêĺǵüÓ'iT
rũĀ( 54.4%!, ÷Ø'ǧǚűŘ$#%68'( 35–70%'ǵ!Û²"×Ç 9. 0`
@EGQŹĖǡĀ( 0.72–3.46 m3/(d·m2) (0.5–2.4 L/(min·m2)) 'ǵ!ģƏ, üÓ( 2.16 m3/(d·m2) (1.5 
L/(min·m2)) !"×Ç 9. ĻƊƓ!Ď7:äőēmKur'iTrũĀ (44.1–75.6%, üÓ
70.2%) (:'×Ç684ȇ, 0 Ma ×Ç POME 'äőēŞ³!Ď7:9iTrũĀ 
(65%) 684ȇ (Malaysian Palm Oil Association, 1999). :(, ĻƊƓ!ðǒ"äőēmKur'
­ō%ǈƯ:ǮŹĖmKur%	 4 POME '¨å³ǥƽ 	8, äőēmKur%	





"Ʊ7:9. vĭ, `@EGQŹĖǡĀ( 0.61–5.19 Nm3/(d·m2), üÓ 2.61 Nm3/(d·m2) "'×Ç"Ä
ƐĀ!.  
 mKur'Ŝ¿ǟ'KnW[ G7", }àǫǟ'KnW[ G19
7ġ¾ŔŚ'iTrŹĖ
śē=Ǌ";, ǬǮÖǗ!( G7ŔŚ'śē 0.036 kgCOD/(gVSS·d), G19ŔŚ'śē 0.033 
kgCOD/(gVSS·d) "./ÄƐĀ!. vĭ, ŒƢÖǗ!(Ŝ¿ǟ' G7 ŔŚ'śē, 0.041 
kgCOD/(gVSS·d) !9'%ð, }àǫǟ' G19ŔŚ!(, 0.225 kgCOD/(gVSS·d) "$8, G7ŔŚ
"ŐǛ 5.4 ȇśē=Ĺ . Ļǐŀĺǵ%	9äőēmKur 1 'ĹňůǓƷ (OLR: 
Organic Loading Rate) ( 0.593±0.361 kgCOD/(m3·d) !. G7 	6* G19 'ŔŚũĀ 7.95±0.22 
gVSS/L =mKur 'üÓ"ê , äőēmKur 1 ' COD ŔŚǓƷ=ƛ§9"
0.075±0.045 kgCOD/(gVSS·d) "$8, mKur¤'ŔŚ, ǓƷ%ð ´¨$iTrŹĖśē=Ĺ
 "Ʊ7:9.  
 
Table-3.1 Minimum, maximum and average value of biogas composition, biogas production rate methane 




 POMEÆ2ŪƢť(auhŃåÏêǮ³ŪƢ"Ʊ9"!, POME¦ŷǨƐ%	 
Ǯ³ŪƢƁŹ(Fuer]luZmo"ǃ$"!, ÒŶŢĵ³,'î{($"Ʊ9"
!9. vĭ, ŪƢťiTr" Þő}%Ĩ§:ØÃ, iTr'Ţì±ĿǮ³ŪƢ' 25
%$9"




GQǰ	6*'ƥĖ=ǐ-. ŒǗ¨ľƧĿ(, ­ō 2 'ǮŹĖmKur!(iTrƁŹ%
ŸÙ%$ 9"=ƍ 	8, ǮŹĖmKur!(ķ4iTrũĀȇ";!4 32.2%

$, 0üÓ`@EGQŹĖǡĀ(äőēmKur' 1/3ƐĀ, üÓiTrGQŹĖǡĀ( 1/19
Minimum Maximum Average Minimum Maximum Average
pH (-) 4.38 6.38 4.96 6.15 8.46 7.55
Temperature (ºC) - - - 29.6 35.7 34.5
Biogas production rate (Nm3/(d·m2)) 0.18 1.30 0.77 0.61 5.19 2.61
Methane conc. (%) 5.0 32.2 20.0 44.1 75.6 70.2
Hydrogen conc. (%) 2.3 19.9 9.6 N.D. 0.111 -
Hydrogen sulfide conc. (ppm) 50 300 181 1,100 3,400 2,150
COD conc. (gCOD/L) 80.4 107 95.7 1.5 52.2 11.9
Methane production rate (Nm3/(d·m2)) 0.061 0.811 0.327 0.45 3.07 1.79











TrGQŹĖǡĀ'üÓ=Ż ǆƛ";, 347 Nm3/d!.  
 vĭ, äőēmKur
7(ȇũĀ'iTr=Æ2`@EGQÞǰ%ƁŹ . äőēmKu




ū'KnW[!9 G2, G7, G10, G13, G14! 300 Nm3/d-gridx"ȇ, ĆǌKnW[
7'iTrĨ










Î (mKurƿǿƒ' 76.3%ǫ¨) =śē'ȇǫ¨"êư, 'ƝÎ¤' 4ƚė
7ţêiTr
ŹĖǡĀ'üÓ='ǿƒ% 9 (Yacob7, 2006) , 'ǿƒ'ŕêĭř%(śē'ȇǫ
¨'êư$#zĲĒ$";49. 0, ĻƊƓ%	 (, āşŜ¿ǟ5mKur'Ɩ! 
4, ȇiTrŹĖǡĀƌǎ: 9. mKur%6 iTrGQƁŹŰēƀ$9"Ʊ7:
9, ĻƊƓ!Żĭř(, äőēmKur¤'68Ǎƣ$iTrGQŹĖǡĀ'¨ú=ęĦ,  





7'iTrŹĖǰ'üÓ (áĪ 240 Nm3/d, Ī 240 
Nm3/d) !4,  'KnW[
7'iTrŹĖǰ"./ÄƘ'ƛ§:9Ŭ, KnW[Ī=µš
 4, ƟĀ=ƹ"%ǆţÁƲ!9"Ʊ7:9.  
 Ćǌǐŀĺǵ%	9÷Ø
7'üÓ POMEĠ§ǰ( 206 m3/d!"
7, 1 m3 = 1 t", ä
őēmKur 1'Ŝ§āş'üÓ CODũĀ (50.1 gCOD/L	6* 2.61 mgCOD/L) =Ż Ǹº COD
ǰĆ8'iTrŹĖǰ=ƛ§9", 0.490 kgCH4/kgCOD (= 6,710 Nm3/d × 16 kgCH4 / 22.4 Nm3CH4 / 
((50.1 – 2.61) kgCOD/m3 × 206 m3/d)) "$8, iTr' CODĆǰ 0.25 kgCH4/kgCOD'ơ 2"$ 
. POMEĠ§ǰ
7ƛ§:9äőēmKur'Ǹº CODǰ(, mKur' HRT5÷Ø'ǧǚű
Ř$#=Ʊĕ9"Ǐø=Æ2"Ʊ7:9. !Ćǌ÷Ø'ýǵüÓ POME Ġ§ǰ!9 284 
m3/d =Ż Ǹº COD ǰ8'iTrŹĖǰ=ƛ§9" 0.355 kgCH4/kgCOD "$. vĭ, 
Yacob 7'×Ç!( , äőēmKur¤!Ǹº: COD ǰĆ8'iTrŹĖǰ( , 0.238 
kgCH4/kgCOD!8 (Yacob7, 2006), IPCC'ê39"./Ä!. 0, ǳǱÔ'äőēn?
JTu=Ż POME ¦ŷ=ƽ×Ç!(, Ǹº COD ǰĆ8'iTrŹĖǰ( 0.107–0.300 








ǰx: "ţ:.  
 
 
Fig.-3.4 Distribution of methane production rate in anaerobic lagoon 1 at first survey. 
 
 ,"/.1b]IOWU;5K!$F3i0Aj
 ĻƊƓ!ƽiTrGQĨ§ǰţêĘř'¥ŵē=Ď9Ŭ, ǐŀëĮ 1 ýČ%¥ǐŀ=ƽ. 
Table-3.2% 1 ÊƄ"ȉÊƄ'ƧĿ'ŐǛ=ƍ. 2ÊƄ'ǐŀĴ!(, pH 5.55–7.52, `@EGQŹĖ
ǡĀ	6*iTrŹĖǡĀ(:: 0.37–0.94 Nm3/(d.m2), 0.19–2.44 Nm3/(d.m2) ", 1ÊƄ'ǐŀĴ"
ŐǛ  ƃ%$ 9"ƌǎ:. ķÞŒƢũĀ( 1 ÊƄ'ǐŀĴ'ơ 8 %, ÂK
nW[' CODũĀ( 1ÊƄ'ǐŀĴ'ơ 2%Ú° 9"
7, äőēmKur 'śē, 
1 ÊƄ'ǐŀĴ"ŐǛ y 9"ģï:. vĭ, `@EGQ}'iTrũĀ%Ƕ 
(, Ŝǫ%ǟ G2 !ķñ' 46.7 %, Ŝ§ǫ%ǟ G28 !ķÞ' 80.7 %Ď7:, üÓ(
74.3 %", 1ÊƄ'ǐŀ6855ȇƧĿĎ7:. CODǸºŴ	6*iTrŹĖǡĀy 
9%4Ƕ<7, `@EGQ}'iTrũĀȇ$ 9"
7, äőēmKur¤'Ĺňů¨
Ǆ%	 (, °Œ¨ǄǨƐċǡōǹ"$ 9"ƍÈ:. 0, äőēmKurȈ¤'Ţ
Ā( KnW[¡%ơ 35!.  
 äőēmKur 1 
7 1İĆ8ƁŹ9iTrGQ'ǰ(, 4,450 Nm3/d!8, 1ÊƄ' 6,710 
Nm3/d' 66.3%0!$ 9"ƌǎ:. !, äőēmKur¤%	9Ǹº CODǰ
Ć8'iTrŹĖǰ=ƛ§9" (ëţ68, Ŝ COD ũĀ 66.7 gCOD/L, Ŝ§ COD ũĀ 5.1 
gCOD/L, Ŝǰ 250 m3/d"ǈê), 0.206 kgCH4/kgCOD (= 4,450 Nm3/d × 16 kgCH4 / 22.4 Nm3CH4 / ((66.7 – 
5.1) kgCOD/m3 × 250 m3/d)) "$8, IPCC'ê39Ġ§Ī	6*į×'"ÄƐĀ"$.   
 Fig.-3.7 % 2 ÊƄǐŀĴ'äőēmKur¤%	9iTrGQŹĖǡĀ'¨ú=ƍ. Ŝ¿ǟ






ªýĀ"ŐǛ ƺy 9"ƌǎ:. Ćǌ÷Ø%ƌǎ";, G9, G10, G15, 
G16ǟ
7ŔŚ'ăěƽ<: 	8, 'ƧĿ" }àǫ'iTrGQŹĖǡĀ'ƺy
=ĝ"ƍÈ:. č , 1ÊƄ'ǐŀĴ%	9Ǹº CODĆǰx'iTrŹĖ'ǂË"
 , mKur¤,ƻƒĹňů'¨Ǆ5, ÚŌŔŚ'ƴù¨Ǆ%4'!"ƌǎ
:.  
 Êƽ<: 2 Ê'ǐŀ'ļ" , 1 ÊƄ(äőēmKur¤%ķ4Ĺňůƻƒ 	8, 

ŔŚÚŌļ!8, 2 ÊƄ(ƻƒĹňů	6*ÚŌŔŚǸº:ļ"$9. 
č , ŔŚ'ăě=ƽ0!' 4ýǵ%	9iTrŹĖǰ'ķÞ"ķñ"ǃ$"!
9"Ʊ7:. Ćǌ÷Ø'ýǵüÓ POMEĠ§ǰ( 284 m3/d!9"
7, POME= 1 m3¦ŷ
Ǻ%Ġ§:9Ţì±ĿGQ'ǰ(, 0.280–0.422 t-CO2e/m3-POME (= 4,450–6,710/2 Nm3-CH4/d / (284 
m3-POME/d)  16  10-3 t-CH4/22.4 Nm3-CH4  25 t-CO2e/t-CH4, üÓ: 0.351 t-CO2e/m3-POME) "ƛ§
:.  Reijinders" Huijbregts(, Şǖ9C^oIu' 75%=³ƉŭĬżĽ"ØÃ'auhŗź
ń
7Ġ§:9Ţì±ĿGQǰ= 2.6–18.2 t-CO2e/t-CPO "ǋƛ 9 (Reijinders & Huijbregts, 
2008). CPOŹźĆ8' POMEĠ§ǰ= 2.5 m3-POME/t-CPO"ØÃ, äőēmKur
7Ġ§
:9Ţì±ĿGQǰ(, 0.70–1.06 t-CO2e/t-CPO (= 0.280–0.422 t-CO2e/m3-POME  2.5 m3-POME/t-CPO) 
"$8, auhŗ÷Ø ' 3.8–16.2%"$. č , äőēmKur
7ÞőĨ§: 9iT





Table-3.2 Minimum, maximum and average value of biogas composition, biogas production rate methane 




Minimum Maximum Average Minimum Maximum Average
pH (-) 6.15 8.46 7.55 5.55 7.52 7.13
Biogas production rate (Nm3/(d·m2)) 0.61 5.19 2.61 0.37 4.94 2.11
Methane conc. (%) 44.1 75.6 70.2 46.7 80.7 74.3
Hydrogen conc. (%) N.D. 0.111 - N.D. 0.830 -
COD conc. (gCOD/L) 1.5 52.2 11.9 2.8 60.3 21.6
Methane production rate (Nm3/(d·m2)) 0.45 3.07 1.79 0.19 2.44 1.19







Fig.-3.5 Distribution of methane production rate in anaerobic lagoon 1 at second survey. 
 
 >D
 Ļƕ!(, POME=ǣƩƃ%¦ŷ 9mKurOQXh%	9iTrGQĨ§ǰ	6*POME
'¨Ǆğ²=Ĳ7
%. OQXh­ō¦ŷ'ǮŹĖmKur!(, POME}'ŪŒ³ů, ƼƂǗ, Ƴ
Ǘ::, 71.2%, 41.4%, 52.8%Ǹº: 	8, ŪŒ³ůǸºǰ"./Ćǰ'VFA'ŹĖ4ƌǎ
:. 0, mKurƿǿ%(ƳǗ"Ïć¨!ņĖ:QFh'ƻƒƌǎ:. č , ǮŹĖm
Kur(, ƠȅƘ'ĳ¨ǄēĹňů=ĹňǮƘ0!¨å³9"¡%, POME}'ǽ¨ǄēůǗ!
9ƳǗ5ƮƪǗ=QFh" ZmWct¨Ǽ9"%68, Čō¦ŷ'äőēmKur!'¦ŷ=
±Ŵ³9ĉ®=Ĝ 9"ƌǎ:, mKurOQXh !'CODǸºŴ(96.7%!.  
 ĻƊƓ!(, iTrGQŹĖǡĀ'ţêƚėĪ=Ú5"%68, mKur¤%	9iTrŹĖ
ǡĀ'Ǎƣ$¨ú=Ĳ7
%, čĽř"ŐǛ , 68Ŋƌ$iTrGQĨ§ǰ'ęĦÁƲ"$
. ĆǌmKurOQXh%	9~9iTrGQƁŹť(äőēmKur1!8, iTrŹĖǡĀ
(0.19-3.07 Nm3/(d.m2) !8, ­ō¦ŷ'ǮŹĖmKur2'19'iTrŹĖǡĀ!. 0, m
Kur'Ŝǫ"Ŝ§ǫ=Ƨ+ƅƫx%iTrŹĖǡĀ'ȇKnW[¨ú 	8, mKur'Ɩ




Ć8Ġ§:9Ţì±ĿGQǰ(, 0.280–0.422 t-CO2e/m3-POME"$ 	8, ŔŚăě­!(, m
Kur¤%ƻƒĹňů'¨Ǆ5, ÚŌŔŚ'ƴù¨Ǆ %Ţì±ĿGQ4Ġ§: 9
"ƌǎ:. 2012ý'gpuO?, @r[^O?|Ð%	9CPOŹźǰ 4,760 wZr!8, 
CPO 1ZrŹźĆ82.5 m3'POMEĠ§:9"9", gpuO?, @r[^O?|Ð'auhŗ
÷Ø'āŒ¦ŷOQXh
71ýǵ!Ġ§:9Ţì±ĿGQǰ(, 3,330–5,020 wt-CO2e/year"$9. 
'(2011ýĀ'İĻÐ¤%	9Ţì±ĿGQĨ§ǰ 13700wZr (ŸÙƇ, 2011) '2.5-3.8%%Ć
9"






7'Ţì±ĿGQƁŹŰē=68Ǎƣ%ęĦ9"!9ĻĘř(, Č,  POMEǶ
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 H:$dĴð¶#·ĢBRİı­2, 2012Ê"3ÊƎİıƉ$ 350 _K[, dĴD;9#
Ō 37-3. 2.4ŊŸ(þ", ·ĢBRŢŻÆ±"3ÌĉĮDFJR$, ¹ĈÖQ[
LîĈQ[L
ð.^Śĸ3
 (Thongnuekhang & Puetpaiboon, 2004; Chaiprapat & Sdoodee, 2007), 
ƍæ®#DFJR3ġ, ¹ĈÖĮžŃà43SH[ň#ę¿ù>F#¶Ĉæ/, ľ
ĉōň#×ř#ķİ
§ƙ!3. *, îĈQ[L#ƔĕŲ, îĈQ[Lķİ3uċ
Đ#Įĳ÷#ę¿ù>F.à43	1, ĭī#ÌĉĮDFJR#į³'c3űś
$¶. 	!




hĚ4, N]Rčıý$ÀĤĸ"·ĢBRıý'# CDM iýÄƍ$ż8
!.  
 ^ê, ·ĢBRŢŻžŃ	1à43ę¿ù>F#, ƔĕŲĳ÷#.#
-3¡$¶, 
ŢŻAFK7Ę3ťĠ	1., ƔĕŲƉ7Ę3$İıŕ|".SVIK#3








RŢ¥$ CL, RSS TSR (H:#±¡$ STR: Standard Thai Rubber) #`ńƚ2, H:­#İıƉ#
¶*	!ũ$44 40%, 40%, 20%!3. *, CL #ŷƉ#Ō 70%7H:
-3
(Jawjit1, in press). , öņ$, aŨ 3ńƚ#·ĢBRŢ¥7ŢŻ3Æ±#ÌĉĮDFJR 
(Q[LDFJR) 	1à43ę¿ù>FƉ#ŉ7Ş. *, Q[LDFJR"03ÌĉĮÖ





 Fig.-4.1"Æ±#ÌĉĮDFJR7ŀ. ůú7¾ëÆ±$, CL, RSS STR#`ńƚ#B
RŢ¥7ŢŻ2, 44#ŢŻÆŃ	1à43Ìĉ$, #ĮŋŒ"02Į
Ş6
4. Table-4.1"44#ÌĉŐÙ7ŀ. CLÌĉ$, NRL7ƁÔƓ"02Ğœƒ"İÙ
4ĝĖ"ľƆ7ė, ă»BR7©Ñ#Ìĉ!3ġ, òĂĪĞË
l# 2 ńƚ
#ÌĉćŶƜ, *ľƆ².ƜĞË"¤*4. RSSÌĉ$, NRL"ƅƆ7ė, BR
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7¬\©õħģD]K (Unsmoked Sheet: USS) #đēàĉ, STRÌĉ$, =IPU[P	1ŢŻ
4BR#đēÌĉ3ġ, òĂĪĞË$ CL Ìĉ02s
, COD Ùe#¬ÏÖ COD Ù

-3¡
 RSSÌĉ, STRÌĉ44 42.2%, 62.8%Ɯ, Ìĉe"BRĳ÷#¬ÏÖòĂĪ

¤*43
ŀ¦4. Ìĉ#àƉ$, STRÌĉ, RSSÌĉ, CLÌĉ#Ƙ"Ɯ, 44
2000 m3/d, 500 m3/d, 75 m3/d.  
 ð.ƜĞË#Ìĉ3 CLÌĉ$, îĈQ[L (HRT: 7.8 ì) "02Į4, ČĆÿ (HRT: 0.5 ì)
uċĐ72ƑÑ, RSSÌĉ"Ñą# 3#¹ĈÖQ[L (HRT : 28.7 ì) Į
Ş64
. ^ê, ð.àƉ#µ STRÌĉ$, ČĆÿ (HRT: 0.3 ì) ă»BR7ƓÑ, 2#¹
ĈÖQ[L (HRT: 7.8 ì) "02Į
Ş64. #Ñ, 3 Ìĉ#¹ĈÖĮĉ$îĈQ[L 
(HRT: 2.5 ì)  2#źÖQ[L (HRT: 5.4 ì) "02Į4, ðŏĮĉà4. *
, CLÌĉĮ0%Ñą#îĈQ[L	1à4uċĐ$, ċĐgĦQ[L'Q[P"łŹ
4, PU[J]DT[#ŗèwĲ4.  
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 Q[LDFJRt#òĂĪŦīĎ7Ûä3ġ, Æ±#İıƉ#µ 11ñ-1ñ#ôƎ", 
Æ±	1à4 Ìĉ0% Q[L#Ē\ĒÌĖ7á, pH,  CODCr, İĪ¼ĸƆōţĊ
Ɖ (BOD: Biochemical oxygen demand), SS0%ľƆ² 7Ě½ (n=8)ƞC[PW$Æ±
Ņ~, ·
ĢBRŢ¥#ŢŻ"qÌĉ
à43 9íƖ"Ş. pH$Q]HOW pHŧ (HM-20P, TOA 
DKK) "02Ě½. BOD$bĉūƛêď (bĉūƛêď, 1984) "Ĝ, ĽÜūŝ7, Ľ
vĲ7ÜīØ BOD7Ě½. ľƆ²$, HachŁ# SulfaVer4ď7Ĳø. CODCr
0% SS#ø$, 3.2.2Ɨ¢þ"Ş.  
 
 B+$:4!UL)
 Q[LDFJR	1à43ę¿ù>F$, Q[P/<9X]H]ň#ĕŲƔĳ÷#.#, 
¹ĈÖQ[L	1à43SH[#Ɖ#¡ŧŉ. ĕŲƔƉ$Æ±Əyŕ	1#Ŗ
2ůú"02Ó. ƔĕŲĳ÷#ę¿ù>FàƉ$, 2011Ê#H:"3jƆğōà






 Table-4.2" Q[L#Ēĉ0%Ēĉ#ŐÙ7ŀ. CLÌĉĮ"3 COD, BOD, SSƑ













pH - 5.56±0.81 7.76±0.08 7.72±0.13
Total COD mgCOD/L 14,300±3,600 811±82 2,330±540
Soluble COD mgCOD/L 13,400±3,600 467±29 866±205
Total BOD mgBOD/L 12,000±4,700 600±91 1,560±440
SS mgSS/L 2,310±870 387±43 1,100±400
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[L#þº7ŀ. ¹ĈÖQ[L#ŠÅ"$, Ē3 CL Įĉ RSS Ìĉĳ÷#BR
¬Ĕa
3
Ŀŭ4. 41#BR$, Æ±#Z]=]"02©4, s¥Ŵ#BRw
Ĳ4. CLĮĉe#ľƆ²ĞË$, 1,510±210 mgSO42--S/LƜĞË
, RSSÌĉ"È
Ƈ43"02, ¹ĈÖQ[LĒĉ$ 43±12 mgSO42--S/L*sb. 3#¹ĈÖQ[
L"3 COD 0% SS#ƑĬ$44, 37.3%, 38.8%s	. CLĮĉ RSSÌĉ7





LƑ4 CODÙ#, ľƆ²ƃ"02Ĳ4Ƅ$ 25%7-.  
 ð.ÌĉàƉ#µ STR Ìĉ$, ČĆÿ 2 #¹ĈÖQ[L"02Į
Ş642, COD, 
BOD, SS$4. 80%naƑ42, HRT. 8.1ìŸ#¹ĈÖQ[L#Ō 30%3
	1, 4ÌĉĮÖŘ7ò3
Ŀŭ4. STRÌĉ"¤*43ľƆ²$, CODĞË"
ÀŌ 1%3	1, ÎŬQ[LƑ4òĂĪ#)8 
SH["ŵã3






 ÑąĮƄ$, îĈQ[L"Ŝt´Ą"q SS#´
Ŀŭ4
, #Ñ#źÖQ[
L7źž3, ðŏĮĉ# COD, BOD, SSĞË0% pH$44 112±20 mgCOD/L, 46±18 
mgBOD/L, 49±15 mgSS/L, 7.99±0.08!2, BOD7ƑƗĹ"H:"3àĉ°Ĝ7ƀÙ






 Table-4.3 "Q[LDFJR"3ĕŲƔ7ŀ. Q[LDFJR#ƔĕŲ$, ¸ĈÖ
Į7Ş3 CLÌĉĮÑąĮ#+2, RSSÌĉ0% STRÌĉ#Į7Ş¹ĈÖQ[
L$, Ìĉ7 Q[L#ƜsÇ"02Ē2, Q[Låß.Ş!ġ, ƔĕŲ$GY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CL wastewater ST (3) eff. RSS wastewater AnP (4,5)  inf. AnP (6) eff.
pH - 5.56±0.81 7.61±0.32 7.76±0.08 7.69±0.09 7.51±0.06
Total COD mgCOD/L 14,300±3,600 1,080±520 811±82 801±165 502±43
Soluble COD mgCOD/L 13,400±3,600 342±104 467±29 444±69 232±30
Total BOD mgBOD/L 12,000±4,700 480±371 600±91 - -
SS mgSS/L 2,310±870 1,310±780 387±43 366±97 224±75
Sulfate mgS/L 2,090±610 1,510±210 37±5 43±12 24±20
STR wastewater AnP (9) eff. AP (10) inf. AP (10) eff. Final eff.
7.72±0.13 6.99±0.03 7.11±0.04 7.91±0.07 7.99±0.08 5.5-9.0
2,330±540 456±67 466±55 364±55 112±20 120
866±205 254±85 249±68 115±70 88±35 -
1,560±440 255±36 - - 46±18 20
1,100±400 220±60 221±48 455±261 49±15 50
13±7 1±1 9±10 26±4 23±5 -
ST : Settling tank, AnP : Anaerobic pond, AP: Aerated pond, * : Standard deviation, () : Number in Fig. 4-1
STR wastewater treatment Post treatment
Average±SD*
Average±SD*
Parameter Unit CL wastewater treatment
Discharge
standard
CL + RSS wastewater treatment
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 CL Įĉ RSS Ìĉ7Į3¹ĈÖQ[L	1à43SH[İÙƉ$, Q[LƑ4
 CODÙ#, ľƆ²ƃ"02ĕŲ4Ù7ÇÍŉ3, 0.81 t-CO2e/d!2, î
ĈQ[L	1à43ę¿ù>FƉ#Ō 3z. CLĮĉ RSSÌĉ"$ă»BR
¤
*43	1, Q[LƑ4¬ÏÖ COD 
¬\©4BRĳ÷#Ī
3o½±¡, òĂĪŦĳ÷#SH[İÙ$ 0.50 t-CO2e/d!3. ^ê, STRÌĉ$=IPU[P
	1ŢŻ4 STR#đēÌĉ2, &37ĲBRĨ7Ɠ©Ñ#Ìĉ3ġ, Ìĉ
e"ă»BR$¤*41, òĂĪ
ľƆ²ƃŎŜ0%SH[İÙŎŜ"02Ĳ4
3Ŕ14. Ò, STR Ìĉ7Į3¹ĈÖQ[L	1à43SH[#Ɖ7ŉ3





1ìÎ2"à43ę¿ù>FƉ$ 24.34 t-CO2e/d!2, Æ±
Ê 300 ìŅ~3o½
±¡, ÎŬÆ±	1ÊƎà43ę¿ù>FƉ$, 7,300 t-CO2e/year!. Jawjit1$, ·ĢB
RŢ¥#ŢŻžŃ (PU[J]DT[#·ĢBR#ā#û¯, UJI@F#ŷŹ, Æ±#ŢŻÆŃ7
¤,) "3ę¿ù>Fàyç7ŉ½2 (Jawjit1, in press), #{7Ĳ3ÎŬÆ±



















#rÌĉĮƉÎ2#ę¿ù>FàƉ$, 0.0095 t-CO2e/m3-wastewater (ww) . 2012
Ê#H:#·ĢBRİıƉ$ 350 _ t/year2, BRİıƉÎ2#ÌĉàƉ7 30 m3/t-product
Wastewater feeding Aerated ponds Excess sludge discharge Aerated pond Fucultative pond Polishing pond
Pump 6 1 7
Blower 215 215





Post treatmentCL wastewater treatment
Total system




99.8 _ t-CO2e/year (= 350 _ t-rubber product/year  30 m3-ww/t-rubber product  0.0095 t-CO2e/m3-ww) 
!3. #àƉ$, 3ņ#N]RčÆ±#Ō 1/352, CDMiý7Äƍ3SVIK$Ã!

ŀ¦4. ^ê, ¹ĈÖQ[L	1^ìÎ2"à43SH[#Ɖ$ 1,320 Nm3-CH4/d!3. 
#SH[7©, >F<[E["03ķƔ"Ĳ±¡, SH[#ķĥƉ7 37.18 MJ/Nm3-CH4, 





















 CL, RSS, STR 7ŢŻ3¶ŤĀ!·ĢBRŢŻÆ±#ÌĉĮDFJR	1à43ę¿ù
>FƉ#ŉ7Ş. ÌĉĮDFJR"3fţ!ę¿ù>Fķİě$, îĈQ[L"
3ĕŲƔĳ÷.#, ¹ĈÖQ[L	1à43SH[2, #, ð.àƉ#µ STR Ì
ĉ7Į3¹ĈÖQ[L	1à43SH[#Ɖ
, ÌĉĮDFJRt	1à43ę¿
ù>FƉ# 96.8%7-. ^ê, rÌĉĮƉÎ2#ę¿ù>FàƉ7ŉ5, 
CLÌĉ, CLĮĉƝRSSÌĉ, STRÌĉ, ÑąĮ44 0.0033 t-CO2/m3-ww, 0.0009 t-CO2e/m3-










CL wastewater 75 0.25 0.0033
CL + RSS wastewater 575 0.50 0.0009
STR wastewater 2,000 23.10 0.0116
Post treatment 2,575 0.49 0.0002
Total system 2,575 24.34 0.0095
GHG emission
Source of wastewater




ŉ5, 99.8 _ t-CO2e/year!
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 ]QSa&èŹFaƄƅȄ'L>, >jRUI<, `hmI<, >jR$œ tƈ 5$, Ǫ£Ȅ'
tƈƤ 4$ƺ	5, įĆ Ļ1Faƅŉġȇ× 6 (Nguyen & Luong, 2012). ]Q
Sa× Ƅƅ76èŹFa& 88% TSR (]QSa&ßÅ' Standard Vietnamese Rubber: SVR)  
5, 6% CL, ŕ5& 6% RSS!#6. SVR', NRL:Ö0żçǿ¤!#6, @N\e
j\Ƈł&ż1nǿÈ-76 (Nguyet, 2013). ýß&ǐŏ ', vǐŏ (4,500-9,000 t/year) !çǐŏ 
(10,000 t/yearp) &ýß 80%:¹06, ǭĆ, øǐŏ (1,000 t/yearq) &ýßâ°Ç$
6. -,XeFaVB&ġȇ$ǼŚ 6Ń¸ǿ& Binh Phuoc, Binh Duong, Tay Ninh, Dong 
NaiƑ$ýßȑv6 (Nguyen & Luong, 2012). 
 Ƥ 4Ƣ ', ĉś¢ƂIJOa&ĽŒżȎ¼Ȅ:ƆìŚĚ_jR
4Ĩ£76bLj&Ȅ:
ƨ£!8, èŹFaýß&ĉś¢ƂIJOa
4Ĩ£76ŭñ±ŅAJȄ', Ƥ 3 Ƣ&Xm
aƅŉ!řǩȖĂ$ø!
4, Ƥ 3Ƣ!ÆŌ&ŭñ±ŅAJĨ£Ȅ&ŮïİŠ:ǼƆß
Å, AJbmLmǘóÃƼ#W>?AJƄġǲĈ:qÐ6!Ġę7, &Ůï'Óȓ 6
!zŮ7. nİ, èŹFaǍǳýßĉś', ĉśv&ĽŒżŴĈ$öơƯŴĈȞŽĕ:Ľ
6!
4, &ìŚĚ	3)êŚĚ¢ƂǸƛ$	, }Ȃ³ơƯĨ£76ÃƼĚ



























 Ǡņöǡ!ýß', ]QSaŃ¸ǿ& Binh DuongƑ$6 3ýß!. Table-5.1$Äýß&F
aƄƅȄ, Ƅƅż, ĉśȄ	3)ĉś¢Ƃ\iKJ&-!0:Ƙ. ýß A	3)ýß B', ĆȊFaƄ
ƅȄ 20,000 t/yearp&çǐŏýß 5, ]QSaFaƔƟĢ (Rubber Research Institute of Vietnam: 
RRIV) 'øǐŏýß . FaƄƅż', RRIV RSS, && 2ýß ' SVR! CL . 
ĉś¢Ƃ\iKJ ', 3ýß$ìŚĚ¢Ƃ!êŚĚ¢Ƃ:Ƴ.Å9¢Ƃǉ97.  
 Fig.-5.1$, RRIV$	6ĉś¢Ƃ\iKJ&ŊƊÕ:Ƙ. RRIV ', ȉĮÛ&WNZgìŚĚL
jC  (Combined Anaerobic Tank: CAT) , ǈȜ:ƆLjC  (Algal Tank: AT) !ĻƲ¢ƂLjC
(Polishing Tank: PT) :Ƴ.Å9\iKJ 5, «ŗ& CAT ŕîFa¤&Ð¿!ìŚĚĔƄż
$36ĽŒżȎ¼, Đŗ& AT  'êŚĚĔƄż$36ĽŒżȎ¼!ǈȜ$36ơƯȎ¼:Ǝƍ!
. «ŗ& CAT', eWmQeN\!ìŚĚŨ³ō&uİ&ŒƼ:Ľ	5, ǋüǿ$'¡Ö
Fa¤&ǆƞƗǞ7. -, CAT &ǋüǿ$'ƿŚöƦ&ŷ, [gmImQǌ47. 
CAT &śȗ$¡ÖFa¤', ïľƍ$Ð¿7, Ìǥ&Fa!ǤŰ¨Ɔ7. Đŗ&





ȃǑ76]QSa×$	', Ľ¨#IJOa 6!ƘÍ7.  
 Fig.-5.2$, ýß A$	6ĉś¢Ƃ\iKJ&ŊƊÕ:Ƙ. Čǜýß
4', CLĉś! SVRĉś
& 2 ƜȜĨ£7, ĉś¢Ƃ\iKJ ' 2 ƜȜ&ĉś:ūÅ¢Ƃ:ǉ. ýß

4Ĩ£7ūÅĉś', -°ØŧpŠ (Dissolved Air Flotation: DAF) $35ŕîFa¤:È/Ö
č¤:Ȏ¼Đ$, 1 &ìŚĚeDmj, 2 &ŸȂƯeDmj, 2 &ĹŚeDmj&Ț ¢Ƃ
ǉ97. ìŚĚeDmj&ǋȗ$', Faġ¤¡Öǆƞ6!ƎǑ ƗǞ7	




 Fig.-5.3 $, ýß B $	6ĉś¢Ƃ\iKJ&ŊƊÕ:Ƙ. Čǜýß
4', CL ĉś! 2 ƜȜ&
SVRĉś (eONCJƇł!@N\ej\Ƈł) &Ǖ 3ƜȜ&ĉśĨ£7	5, 3ƭƷ ¢Ƃǉ
97. 3ĉś$, DAF$35ŕîFa¤:È/Öč¤:Ȏ¼Đ$, CLĉś'ƏĪĹŚLj
C*, eONCJƇł& SVRĉś' 3&eDmj:ƴƇĹŚLjC*, @N\ej\Ƈł& SVR
ĉś' 2 Ǝ&eDmj
4eONCJƇł& SVR ĉś¢Ƃe>j*Åť, ĻƲşŘŞ:ƴĮť
7. -, ĻƲşŘŞ&ŝš'ĹŚLjC*Ǯǰ7.  












Fig.-5.1 Schematic diagram of wastewater treatment system in RRIV. 
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Fig.-5.3 Schematic diagram of wastewater treatment system in factory B. 

	 cyB\
 Äýß&ĉś¢Ƃ\iKJ&ĚƼǚ:ǉŷ, śǥ¤ńƆ&Gj\g:ĩÀ. Gj\g', 500 
mL&\eJMNC^Qg! 50 mL&P=J_mH[gMdm[$ĩÀ, ¬&Cmem^NC
J ĥā5, śǥ¤ń:ðı6-  î. RRIV ', ťĉś, CATť£ś, ATť£ś	
3) PTť£ś&Ǖ 4Gj\g:ĩÀ. ýß A ', Gj\fjDƧĢ&©ȍæ
ŷ, ťĉ
ś, DAF¢Ƃś	3)ĻƲ¢Ƃś&Ǖ 3Gj\g:ĩÀ. ýß B ', CLĉś, DAFǱǸ«Đ&e
ONCJƇł& SVRĉś, DAFǱǸĐ&@N\ej\Ƈł& SVRĉś, ĹŚLjCť£ś	3)ĻƲ






 pH	3)Ȃ³ǾȔ (Oxidation-Reduction Potential: ORP) '_mL[g pHbmLm (DOP-5F, ƣº
Ƃƚýŉ):ƆŮï:ǉ. COD, ơƯ (Total Nitrogen : TN) , fj (Total Phosphate : TP) '
Hachƙ&ŒÏ	3)ǛǇ:Ɔ¤ń:ǉ. <jcT<ĞơƯ, ƖȂà&Ůï', HPLC (CDD-10A, 
SHIMADZU) $35ǉ. SS, VSS,  ŤĚŝšŧǶżǥ (Mixed Liquor Suspended Solids : MLSS) , ŤĚŝ
šĽŒĚŧǶżǥ (Volatile Mixed Liquor Suspended Solids : MLVSS) &Ůï', qśǛȝİŠ (qśǛȝ
İŠ , 1984)$űǉ . VFA &¤ń$' FID Ûň£ÏAJCi`QDeZ=  (GC-1700, 




 RRIV & CAT &£Âǭ&EjXmQbjQ, ýß A &ŸȂƯeDmj 1 	3)ýß B &ìŚĚ
eDmj 2
477ŝš:ĩÀ, 122 mL&KeaW><gv$, ĩÀŝš!ĉś&ūÅũ:
50 mL¤Ţ, ŚƐǿ:ơƯAJ ƺĬĐ, 35&ěŭō$ȕƺ, ƴĳƍ$AJƌƄȄ	
3)AJƳġ&¤ń:ǉ, bLjƄġǲĈ	3)ĉś 1 m3Č5&bLjƄġȄ:ǚ. AJƳ
ġ&¤ń$', TCD Ûň£ÏAJCi`QDeZ= (GC-8A, SHIMADZU) :Ɔ. ǝƱ#ģȚ'
Angelidaki4&İŠ (Angelidaki4, 2009)$đ.  
 
	 |XGJbTSc@i./17'"eLC],/WA{"v>
 RRIV& CAT:öǡ$, ŭñ±ŅAJĮ£Ȅ&Ǡņ:ǉ. Fig.-5.4$ RRIV& CAT$	6Ǡņ
ðıEjXmQbjQ:Ƙ. ÄEjXmQbjQ&ǋȗƞ' 4.5 m2 (1.5 m  3.0 m), śŪ' 1.4 m 
. CAT&ťǿǭ!EjXmQbjQ 1! 5, vĖǿ!EjXmQbjQ 28! 33, ť£
ǿǭ!EjXmQȗ! 51! 56, ťǿ!vĖǿ, vĖǿ!ť£ǿ&vȊÙŶ!77, E
jXmQbjQ 16! 45:ǽï, ŭñ±ŅAJĮ£Ȅ&Ǡņ:ǉ. -, EjXmQbjQ 28, 33, 
56 $	', śpƺĬŠ$35 10 mL &AeJW><gv$Į£AJ:ĩÀ, Ƴġ¤ń:ǉ. 
ŀǠņ', ýßƝ
4 6kļĐ& 10ļ!, ýßŔƏ«& 1ļ& 2Ððı.  
 Fig.-5.5 	3) Photo-4.1 $W>?AJGj\em&Ŋǎ:Ƙ. W>?AJGj\em'110 mm
!160 mm& 2ƜȜ& PVCX>\:Ƴ.Å9Ǎ, ]mJ!#6Gj\em1&ũƐǿóƞ'
28.1 L, ŚƐǿóƞ' 6.59 L, óƞ' 34.7 L, ǋȗƞ' 0.0201 m2 . Ƥ 1ÐƎ&ǠņƵŅ35, E
jXmQbjQ&ãȗ
4&bLjƄġzŮ7ŷ, Ƥ 2 ÐƎ&Ǡņ ', ĭǂÛ 6Gj\e
m2 :Ǘ, ãȗ
4&ŭñ±ŅAJĮ£Ȅ&Ůï1ǉ. W>?AJGj\em:pǖEjXm
QbjQ$ǗƺĐ, ƴķƍ$ŚƐǿ&AJGj\g:ĩÀ, ÄŚŴĈ&ä³!ŚƐǿóƞ$35, A
JĮ£ǲĈ:ƨ£. AJƳġ&¤ń$', TCDÛň£ÏAJCi`QDeZ (GC-8A, Shimadzu, ś
ƯlơƯlbLjl|Ȃ³ŵƯ:¤ń) 	3) ECDÛň£ÏAJCi`QDeZ (GC-2014, Shimadzu, 










Fig.-5.4 Surveyed compartments of CAT. 
 
 
Fig.-5.5 Schematic diagram of biogas samplers. 
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 Table-5.2 $ RRIV &ĉś¢Ƃ\iKJ$	6śǥǠņƵŅ:Ƙ. RRIV &ýß
4Ĩ£7
 RSSĉś', pH 5.29&ȂĚĉś 5, CODŴĈ 6,660 mgCOD/L&vŴĈĉś . ĉśv
& SSŴĈ' 408 mg/L!,  CODġ¤v&ŲǓĚ¤ 83.3% (, VFA 30.0%) !, ŲǓĚĽŒż
w&ĉś . -, TN ŴĈ 288 mgN/L (, <jcT<ĞơƯ 85.4%), TP ŴĈ 191 
mgP/L, COD : N : P = 34.9 : 1.5 : 1.0!#	5, COD$öơƯ	3)fjŴĈȞŽĕ:Ľ
. ĉś¢Ƃ\iKJ ', «ŗ& CAT$	 RSSĉśv&ĽŒż& 75.7%, SS& 88.7%Ȏ¼
7. CAT &ťÂǭ&EjXmQbjQ&ǋü$', ¡ÖFaġ¤ǆƞŷ, 
CAT  Ȏ¼7 SS ġ¤	3) COD ġ¤&nǿ', ŕîFaġ¤&¤Ȓ$3Ȏ¼76
!ƘÍ7. Đŗ& AT 'ŕîĽŒż& 52.7%Ȏ¼7	5, \iKJ & CODȎ¼
ſ' 94.5% . -, Đŗ& AT ', <jcT<ĞơƯ	3) TP77, 63.4%, 56.5%Ȏ
¼7. nİ, TN'ĻƲ¢Ƃś&İťĉś351ǄĄȞŴĈ:Ƙ. ĻƲ¢Ƃś&
ǃ'Ǧ#!
4, AT &ǈȜ$3ĉśv&<jcT<ĞơƯ	3)ŲǓĚ&fj
É¿76!$35, ŲǓĚ&ơƯ	3)fj'Ȏ¼761&&, PT ǈȜ!¢Ƃś¤Ȓ£
ł	4, ¢Ƃśv$ǈȜū6!$3, TNȞ#-6!ƘÍ












Table-5.2 Chemical characteristics of wastewater and each effluent in RRIV. 
 
 
 Table-5.3 $ýß A &ĉś¢Ƃ\iKJ$	6śǥǠņƵŅ:Ƙ. ýß A 
4Ĩ£7 CL ĉ
ś! SVRĉś!&ūÅĉś', pH 5.37&ȂĚĉś 5, CODŴĈ 5,610 mgCOD/L&vŴĈĉś
 . ĉśv& SS ŴĈ' 867 mg/L !22Ȟ
,  COD ġ¤v&ŲǓĚ¤' 86.8% (, 
VFA 31.0%) !, ŲǓĚĽŒżw&ĉś . -, TNŴĈ 372 mgN/L (, <jcT<Ğ
ơƯ 91.7%), TPŴĈ 161 mgP/L, COD : N : P = 34.8 : 2.3 : 1.0!#	5, COD$öơƯ	3
)fjŴĈȞŽĕ:Ľ. ĉś¢Ƃ\iKJ ', DAF&«Đ CODŴĈ+!;"ä³
#
, SS ' 36.0%Ȏ¼7!
4, ŸŒĚ&Öč¤ DAF $3Ȏ¼7
!ƗǞ7. \iKJ ', COD, SS, TN&Ȏ¼ſ'77, 97.6%, 88.7%, 91.1% 
5, Ȟ¢ƂĚƼ:Ƙ, pH:ȎșƎ$	ĨśÝű'Ǻġ7#
. Čǜ
ýß&ĹŚeDmj& MLSSŴĈ	3) MLVSSŴĈ'77, 9,410 mgSS/L, 7,670 mgVSS/L!
#	5, Ŏűƍ#ŤĚŝšŠ!řǩ 5ƛĈȞŴĈ 5, ĹŚeDmj&£Â$şŘōǗ
ƺ7	4, ĻƲ¢Ƃśv$ŝš&ūǏÁ47. ĻƲ¢Ƃś&ŲǓĚ CODŴĈ', ĨśÝ
ű:ů6!
4, şŘō:Ǘ6!$35, COD 	3) SS $ȋ', ĨśÝű&Ǻġ
ÃƼ 6!ƘÍ7. -, \iKJ ơƯȎ¼76!
4, ƕ³lƽơ¾Ę








Parameter Unit RSS wastewater CAT effluent PT effleunt Final effluent
pH - 5.29 6.92 7.58 7.75
Total COD mgCOD/L 6,660 1,620 750 365
Soluble COD mgCOD/L 5,550 1,550 560 170
SS mgSS/L 408 46.3 222 119
VSS mgVSS/L 384 46.3 157 49
VFA
 Acetate mgCOD/L 320 109 16 N.D.
 Propionate mgCOD/L 610 141 N.D. N.D.
 Other VFAs mgCOD/L 1,660 385 28 N.D.
TN mgN/L 288 278 - 293
Ammonia mgN/L 246 217 - 90
TP mgP/L 191 161 - 83





Table-5.3 Chemical characteristics of wastewater and each effluent in factory A. 
 
 
 Table-5.4$ýß B&ĉś¢Ƃ\iKJ$	6śǥǠņƵŅ:Ƙ. ýß B
4', CLĉś, eO
NCJƇł& SVRĉś, @N\ej\Ƈł& SVRĉś& 3ƜȜĨ£7	5, eONCJƇł&
SVRĉśĻ1ȞŴĈ 5, DAF¢ƂĐ 5,350 mgCOD/L, ŲǓĚ¤ 98.3% (, VFA 11.6%) 
!, ŲǓĚĽŒżw . nİ, CLĉś	3)@N\ej\Ƈł& SVRĉś (DAF¢ƂĐ) ', 
COD ŴĈ'77, 2,280 mgCOD/L, 2,960 mgCOD/L!eONCJƇł& SVRĉś&¶¤ƛĈ 
,  CODġ¤v&ŲǓĚ¤' 51.8%, 62.8%!, 22ÖčĚĽŒż:æÈ; . CLĉś'
eONCJőũ:ǻĖ¤ȒĐ&pų.ũ 5, @N\ej\Ƈł& SVR ĉś', ¡ÖFa
&ţŦĉśwġ¤!#6ŷ, Faġ¤Ƈł&Öč¤:æÈ; 6!ƻ47. 3 Ɯ
Ȝ&ĉś& COD : N : P '77, 57.0 : 3.9 : 1.0 (CL), 34.1 : 2.5 : 1.0 (eONCJƇł& SVR), 25.3 : 
3.4 : 1.0 (@N\ej\Ƈł& SVR) !#	5, 71 COD$öơƯ	3)fjŴĈȞ
Žĕ:Ľ. Čǜýß&ĉś¢Ƃ\iKJ$	, Ļ1ȞŴĈ&eONCJƇł& SVR
ĉśŴĈ:Ýű!, COD, SS, TN&Ȏ¼ſ'77, 97.6%, 80.4%, 89.6% 5, Ȟ¢ƂĚƼ:
Ƙ, pH :ȎșƎ$	ĨśÝű'Ǻġ7#
. ĹŚeDmj& MLSS Ŵ
Ĉ	3) MLVSSŴĈ'77, 1,650 mg/L, 1,520 mg/L!#	5, Ŏűƍ#ŤĚŝšŠ&ŴĈ!
ÆƛĈ . -, \iKJ ơƯȎ¼76!
4, ƕ³lƽơ¾Ę&Ǹƛ$	, 
ŭñ±ŅAJ&nƜ 6}Ȃ³ơƯĮ£76ÃƼĚ1ƻ47.  







4, Đ, Ǽ¥#¢Ƃ\iKJ&ȉƌŜ0476.  
 
Parameter Unit Mixed wastewater DAF effluent Final effluent
pH - 5.37 6.08 7.79
Total COD mgCOD/L 5,610 5,240 136
Soluble COD mgCOD/L 4,870 4,810 22
SS mgSS/L 867 555 98.3
VSS mgVSS/L 593 435 63.3
VFA
 Acetate mgCOD/L 346 255 N.D.
 Propionate mgCOD/L 414 325 N.D.
 Other VFAs mgCOD/L 1,510 1,140 N.D.
TN mgN/L 372 352 33
Ammonia mgN/L 341 349 13
TP mgP/L 161 127 109





Table-5.4 Chemical characteristics of wastewater and each effluent in factory B. 
 
 




4 2 ĳƎ- 'ƏƸƍ$bLjƄġȄâ°	5, 3 ĳƎȌ$'Ő
($#6!ƗǞ7. ŀðȝ ', ĩÀŝšȄù#
!
4, EjQimg
ƭ:ðı	4, ìŚĚŝš&ƾÿ¤ǓƇł&bLjƄġȄ:ƻğ#, Ĥ CODȄ
$ö6bLjǨĬſ', RRIV!ýß B&ĉś$ö' 100%p, ýß A&ĉś ' 74.9%!#5, 
7&ĉś1ìŚĚŁq$	6Ƅ¤ǓĚȖĂ$Ȟ!ƗǞ7. -, ýß A&ĉś$





4 2 ĳƎ- &ƏƸ&!, W><g&ŝšŴĈ
4, Äýß&ŝš&bLjƄġŤ
Ě:ƨ£!8 , RRIV, ýß A, ýß B &ŝš 77 , 0.414 gCOD/(gVSS.d), 0.769 
gCOD/(gVSS.d), 0.193 gCOD/(gVSS.d)!#5, ýß A&ŝšĻ1ŤĚȞ
. &ƂƇ!, ý
ß A &ŝš', & 2 ýß!řǩťĉśŴĈȞÙŶ
4ĩÀ6&$ö, RRIV  '
CAT &£Âǭ&Ǣǅ&EjXmQbjQ




Parameter Unit Latex wastewater DAF effluent
(SVR from latex)
DAF effluent




pH - 7.11 6.34 6.93 7.95 7.76
Total COD mgCOD/L 2,280 5,350 2,960 98 128
Soluble COD mgCOD/L 1,180 5,260 1,860 36 42
SS mgSS/L 347 357 807 30 70
VSS mgVSS/L 343 345 653 28 58
VFA
 Acetate mgCOD/L 103 83 33 N.D. N.D.
 Propionate mgCOD/L 96 221 108 N.D. N.D.
 Other VFAs mgCOD/L 271 611 270 N.D. N.D.
TN mgN/L 346 394 396 - 41
Ammonia mgN/L 154 314 276 - 27
TP mgP/L 40 157 117 - 66






Fig.-5.6 Time course of methane production from anaerobic sludge and wastewater of each factory. 
 
 Fig.-5.7 $, Äýß&ĉś 1m3Č5&bLjƄġȄ:Ƙ. ĉś 1 m3Č5$Į£76bLjƄ
ġȄ', 2.40–3.44 Nm3-CH4/m3-ww (ąÚ: 2.95 Nm3-CH4/m3-ww) 5, Ǜĉś& CODŴĈȞȚ
$ȞÇ:Ƙ. Äýß
4 1ĳČ5Ĩ£76ĉśȄ:Ɔ, ýßĆ 300 ĳƝ6!
ïßÅ, RRIV, ýß A, ýß B
4ĆȊ Ĩ£76bLj&Ȅ'77, 0.2 o t-CO2e/year, 1.54 
o t-CO2e/year, 3.01 o t-CO2e/year!#. 2012Ć&]QSa&èŹFaƄƅȄ' 86.4 o t/year 5, 
FaƄƅȄČ5&ĉśĨ£Ȅ: 30 m3/t-product, ĉś 1 m3 ¢ƂČ5&bLjƄġȄ: 2.95 Nm3-
CH4/m3-ww!Ǖƨ6!, ]QSa&Faýß&ĉś¢ƂǸƛ 1ĆȊ$Ĩ£76bLj&Ȅ'
139 o t-CO2e/year (= 86.4 o t-rubber product/year  30 m3-wastewater/t-rubber product  2.95 Nm3-
CH4/m3-ww  16  10-3 t-CH4/22.4 Nm3-CH4  25 t-CO2e/t-CH4) !#6. 1994Ć$	6]QSa×
&ŭñ±ŅAJĨ£Ȅ' 1 400o tCO2e/year 6ŷ, èŹFaƅŉ&ĉś¢ƂǸƛ
4Ĩ£76





































Fig.-5.7 Methane production potential from each wastewater. 
 
	 |XGJbTSc@i./17'"eLC],/WA{"v>
  ? jU)(4*+,/"pU
 Fig.-5.8$EjXmQbjQ 28, 33, 56
4śpƺĬŠ$35ĩÀƄġAJ&Ƴġ:Ƙ. Ej
XmQbjQ$, bLjŴĈ' 60%«Đ!#5, nǁƍ#ìŚĚ¢ƂǸƛ Ƅġ76W>?AJ!
ÆƛĈ&ŴĈ . nİ, |Ȃ³ŵƯŴĈ'ť£Â$ǭ$Ǵ7Ŭù6ÇǏ47. CAT
& pH 'ť£Â$ǭ$Ǵ7pĴ6!ƗǞ7ŷ, 7$3|Ȃ³ŵƯũv





















































 Fig.5-9 $Ǡņðıķ$	6 CAT & COD ŴĈ	3)ŲǓĚ COD ŴĈ&ä³:Ƙ. ', 
2012Ć 10ļ! 2013Ć 1ļ&Ǖ 2Ð&Ǡņ&ąÚ:Ƙ6. CAT$ť6 RSSĉś& COD
ŴĈ	3)ŲǓĚ CODŴĈ'77, 8,510 mgCOD/L, 4,450 mgCOD/L 5, CODv&ŲǓĚǿ¤
'Ʈ 60% . RSSĉś& COD ŴĈ' 2 Ð&Ǡņ çä²	5, 10ļ&Ǡņķ& COD
ŴĈ$ö, 1ļ&Ǡņķ& CODŴĈ'Ʈ 60% . &ƂƇ!, ýß & RSSƄƅȄ
10ļ&Ǡņķ (10/26–30) ' 1ļ&Ǡņķ (1/22–23) & 2!#ŷ (Fig.-5.10½ź) , 10ļ&Ǡ
ņķ ', Fa:¡Ö6Ȑ$Ĩ£76ȞŴĈ&ĉś&Ȅ, &Đ&ţŦś!řǩâ
!$35, RSSĉś& CODŴĈâ°!zŮ7.  





$Ŭù. nİ, ŲǓĚ CODŴĈ', ťÂ
4EjXm
QbjQ 5$
'+!;"ä³, EjXmQbjQ 28Ȍ' CODŴĈ!+,ÆĦ²:Ƙ



































Fig.-5.10 Production of RSS during survey period. 
 
 Fig.-5.11$ CAT&ť£ĉś	3)ÄEjXmQbjQ$	6 CODġ¤&Ǚ:Ƙ. RSSĉś
& CODġ¤&Ǚ', ÖčĚ COD& 44.5%:¹0. ŲǓĚ CODġ¤$ȋ', ȀȂ
25.0%, \iY?jȂ 27.6%, && VFA 25.7%!#	5, ŲǓĚ CODġ¤&Ʈ 80% VFA
 ŋġ7. EjXmQbjQ 1 
4 5 &Ȋ ', ÖčĚ COD &Ʈ 70%Ȏ¼76!
ƗǞ7. ÆEjXmQbjQȊ ', ǋüǿ$¡ÖFa&ǆƞƗǞ7	5 (Photo-5.2
½ź), RSS ĉśv$È-7ŕîFa¤¡Ö, Faġ¤Ƈł& COD QeN\7č Ȏ¼
7!ƘÍ7. Æýß ', ŧpFaġ¤:ïľƍ$Ð¿, Ìǥ&FaǍÌ!
£ǅ	5, ĉśv&ÖčĚ CODġ¤&nǿǤŰ³76!ƗǞ7. nİ, ŲǓĚ
COD ġ¤$ƒƎ6!, EjXmQbjQ 1 
4 5 &Ȋ ', ŲǓĚ COD ġ¤v& VFA &řſ'
78.4%
4 66.8%- ŬùĐ, EjXmQbjQ 33 $
 84.8%- â°, &Đť£Â$

 48.4%- Ŭù. &!
4, CAT $	, EjXmQbjQ 1 
4 5 &´Ȋ 'ÖčĚ
COD ġ¤&¤ȒlÐ¿, EjXmQbjQ 5-33 &´Ȋ 'ŕîÖčĚ COD &°ś¤Ǔ	3)ŲǓĚ
COD ġ¤
4&ȂƄġ, EjXmQbjQ 33 





ƘÍ7. -, ĻƲ¢Ƃśv& CODġ¤&Ʈ 50%&&ŲǓĚ COD!#6ŷ, ĉśv





























Fig.-5.11 COD composition of influent, each compartment and effluent in CAT. 
 
 
Photo-5.2 Cogalated rubber at the surface of CAT. 
 
 ŀǠņķ$	, CAT &[gmImQ'ũȗ$Īǔ6Ō$Ǘƺ7, ŀǠņƲyĐ, Ä
EjXmQbjQ$ȅǍ&\hmQħ7, [gmImQũȗ!Īǔ#čĊ$äĺ7
 (Photo-5.3½ź). äĺ&ƂƇ', ǋüǿ&Fa:Ð¿6Ȑ$, Fa[gmImQ$Īƒ	5, 
Ð¿Óȓ 6ŷ, 74:óĶ$6ŷ . Fig-5.12$[gmImQǗƺİŠ&äĺ«, äĺ
Đ$	6ÄEjXmQbjQ& CODŴĈ&ä³:Ƙ. [gmImQǗƺİŠ&äĺĐ ', EjX
mQbjQ 16« ', +!;" CODŴĈ&ŬùƗǞ7#
. &ƂƇ!, [gmImQ
ǗƺİŠäĺ« ', ũȗ$[gmImQĪǔ6!$35, Īǔǿ¤:Ň!Fa¡ÖĶ








































Photo-5.3 Condition of blue sheet on CAT. 
 
 
Fig.-5.12 COD concentration of each compartment in CAT before and after modification of blue sheet. 

  ?!(80;XA{
 Fig.5-13 $ CAT $	6ÄEjXmQbjQćǿ
4&bLjƄġǲĈ&¤Ā:Ƙ. EjXm
QbjQ 1 
4&bLjƄġǲĈ$ȋ, ýßŔƏ«& 1 ļ&Ǡņķ&ǲĈ 10 ļ!řǩç
ă$Ȟ#6Ŷ:Ȏ, Ŋ%W>?AJƄġǲĈ&¤Ā' 2 Ð&Ǡņ ÆŌ&Ç:Ƙ, 
CAT &vĖǿ$Č6EjXmQbjQ 33–45 &´Ȋ ǲĈȞ#5, ť£Âǭ&EjXmQb
jQ 56  Ļø!#. 1 ļ&Ǡņķ&EjXmQbjQ 1  bLjƄġǲĈȞ#ƂƇ!
, ťÂ$Č6EjXmQbjQ 1 ', ĽŒżǷǨĳį!$ǆƞ, 74&ǆƞĽŒż&¤
ǓƇł&bLjƄġȄpx!#ŷ!ƻ47. Fig.-5.13&bLjƄġǲĈ:Ɔ, 10ļ	
3) 1ļ$ CAT&ćǿ
4Į£76bLj&Ȅ:ƨ£!8, 77 37.1 m3/d, 36.1 m3/d
!#. ÆǠņľȊ$ CAT  Ȏ¼7 COD Ȅ$ö6bLjǨĬſ'77, 17.5%, 62.3%
















































,ÆƛĈ . ǋȗƞ ƻßÅ, ãȗ'ćǿ& 2.8 6!
4, CAT &bLjƄġ 
'ćǿ351ãȗƇł&ż&İç!ƗǞ7.  
 Fig.-5.15$ CAT$	6 CODWejJ:Ƙ. CODWejJ&ƨ£$', 2Ð&Ǡņ&ąÚ:
Ɔ. pǯǱ5, ćǿ
4&bLjƄġ:ŮïGj\em1  ', 66.0%ĿƓġ¤!#
, ãȗ
4&bLjƄġȄ1ŮïGj\em2  ', ĿƓġ¤ǿ¤ãȗ
4&bLj
ƄġȄ$ƺĬ96!ƗǞ7. Gj\em2  'ġ¤&ÅǕťĉś 100%$ö
 107%!#. -, ťĉśv& COD$'Fa¤Ƈł& COD1È-76ŷ, ĿƓġ¤È-
76' 6. Ƥ 3Ƣ& POME¢Ƃ:ǉ6ìŚĚeDmj
4&bLjƄġȄ$	1, e
Dmj ¤Ǔ7 COD Ȅp&bLjƄġȄƗǞ7	5, 74'eDmj$ǆƞ
ĽŒż&¤Ǔ2âŖŝš&ƾÿ¤Ǔ$Ƈł61& 6!ƗǞ76. đ, CAT
$	ćǿ	3)ãȗ
4Ƅġ7bLj$ȋ1, ÆŌ&ǎÑ6!ƘÍ7.  
 
 







































Fig.-5.15 COD balance in CAT. 

  ?!(=zDloXA{
 Fig.-5.16 $ CAT &ÄEjXmQbjQćǿ, ãȗ	3)
4&}Ȃ³ơƯƄġǲĈ&¤Ā:
Ƙ. 10 ļ&Ǡņķ'Gj\fjDķȊ:bLj!ÆŌ$ 1 ķȊ!$!8, 1 ŶƎ&Gj\g
 Ĳ$}Ȃ³ơƯŴĈąǊžĞ!#	5, ƄġǲĈ&ƨ££ł#
.  , 1ļ&Ǡņķ
 'Gj\fjD: 10¤!$ǉ. -, ãȗ














































Unknown! Methane production from wall surface!






51, 55 & 4ƧĢ&.Ůï:ǉ. ćǿ
4&}Ȃ³ơƯƄġǲĈ', ťǿǭ ȞÇǏ47, 
EjXmQbjQ 5 Ļç& 1.19 NL/(m2.hr) !#. nİ, ãȗ
4&}Ȃ³ơƯƄġǲĈ', CAT
véǭ Ȟ, ťǿǭ&EjXmQbjQ 5 !ť£ǿǭ&EjXmQbjQ 56  '`>SJ
!#. &ƂƇ!, ãȗ$ƒĔƄż$35ćǿ35Ƅġ7}Ȃ³ơƯȂ³7
6ÃƼĚƘÍ7. EjXmQbjQćǿ&ȗƞ$ö, ãȗ Ȃ³76}Ȃ³ơƯ&
ĎȘ'ø!ƻ476ŷ, EjXmQbjQ 5	3) 56
4&}Ȃ³ơƯƄġǲĈ', ćǿ

4&}Ȃ³ơƯƄġȄ:ǋȗƞ Ȏ:Ɔ. &ƵŅ, ÄEjXmQbjQ
4&}Ȃ
³ơƯƄġǲĈ', bLj!ÆŌ$EjXmQbjQ 33 Ļç!#5, 0.41 NL/(m2.hr) .  
 }Ȃ³ơƯ&Ƅġƴǧ!', ƕ³¾Ę	3)ƽơ¾Ęƻ476. Čǜýß
4Ĩ£76
RSSĉśv&ơƯġ¤' 80%p<jcT<ĞơƯ 5, }ƕȂ	3)ƕȂĞơƯ'+!;"È-
7#. Fig.-5.17$ CAT&ÄEjXmQbjQ$	6<jcT<ŴĈ:Ƙ. ťǿǭ&E
jXmQbjQ 1-16 &Ȋ '<jcT<ŴĈâ°, &Đƹ2
$Ŭù6!ƗǞ7
. -, ƕȂ, }ƕȂŴĈ'7&EjXmQbjQ$	1 1 mgN/Lq . ťǿǭ
 'ĉśv&ĽŒĞơƯ&¤Ǔ$<jcT<Ƅġ76!ƻ47. <jcT<ŴĈ
ŬùƂƇ$ȋ, CAT'ìŚĚŁq 6, ȉĮÛ 6ŷǋüǿǭ 'ƠŚ!&Ī
ǔ6!
4, ǋüǭ$ŲǬ;ȂƯ$35<jcT<Ȃ³7, 74Ə$ƽơ¾Ę
$¨Ɔ76!ƘÍ7. nİ, ťǿǭ 6EjXmQbjQ 1–5&Ȋ ', <jcT
<ŴĈâ°6$1ȋ94, }Ȃ³ơƯƄġǲĈ1Ȟ!
4, ƕ³lƽơƇł '#, Ľ
ŒĞơƯ&¤Ǔƥ&ƴǧ$35, }Ȃ³ơƯƄġ76!īõ7.  
 
 











































Fig.-5.17 Ammonia concentration of each compartment in CAT. 

	 jU)eLC],/"M<R
 ĉś 1 m3¢ƂČ5$ CAT
4Ĩ£76Äŭñ±ŅAJ&Ȅ:ƨ£!8, bLj'





4&ŭñ±ŅAJĨ£ȄzŮÃƼ 6!ƘÍ7. nİ, 
bLj& GWP : 25, }Ȃ³ơƯ& GWP: 298! (IPCC, 2007), ƄġȄ:|Ȃ³ŵƯ$Ĭƨß
Å, bLj 0.0534 t-CO2e/m3-ww, }Ȃ³ơƯ 0.0987 t-CO2e/ m3-ww!#5, }Ȃ³ơƯŭñ±ŅA
J&Ʈ 65%:¹06!ƗǞ7. Amon 4', ơƯÈĽȄ&ȞòƉƬú&¢Ƃ$	
, ¢ƂǸƛ Ĩ£76ŭñ±ŅAJ& 50%}Ȃ³ơƯ 6!ÞÊ	5 (Amon 4, 
2006), ŀǠņƵŅ'ǭ!#. -, }Ȃ³ơƯ&Ĩ£į:ƨ£6!, 0.0263 kg-N2O-N/kg-N
!#5, IPCC&ï06Ĩ£į 6 0.005 kg-N2O-N/kg-N (IPCC, 2006) 35Ʈ 4Ȟ, ðǐŏ&<
ScNCJIJOa$	6Ĩ£į (Kampschreur4, 2008) !ÆƛĈ . «ǯ:Ɔ
, 5.2.2 ƪ!ÆŌ$]QSa×&Faƅŉ&ĉś¢ƂǸƛ
4Ĩ£76ŭñ±ŅAJȄ:ƨ£
6!, 394 o t-CO2e/year!#5, 5.2.2ƪ ƨ£& 2.83&Ĩ£Ȅ!#. đ, èŹFaǍǳ
ýßĉś&ìŚĚ¢ƂǸƛ ', bLj351, }Ȃ³ơƯÙƁŭĸ³$öçôs6
!ƘÍ7.  
 Fig.-5.18$ CAT&ťǿǭ (EjXmQbjQ 1–5), véǿǭ (EjXmQbjQ 6–55) 	3)
ť£ǿǭ (EjXmQbjQ 56–60) 
4Ĩ£76ŭñ±ŅAJ&řſ:Ƙ. ťǿǭ '}Ȃ
³ơƯƮ 80%:¹0	5, véǿǭ, ť£ǿǭ 'bLj&®Å77Ʈ 35%, 60%!â°
6!ƗǞ7. đ, RSSĉś&ìŚĚ¢Ƃ ', ¤Ǔ&§ľŗȏ }Ȃ³ơƯƄġ





























. Ž$EjXmQbjQ 25- & ORP'-300 mVp!#	5, bLjƄġǵǉ$, 

}Ȃ³ơƯƄġĶƃá$#!zŮ7.  





ȉĮÛ 6!$35, ǋüǿ <jcT<Ȃ³7, 74Ə$ƽơ76!$35, }
Ȃ³ơƯƄġ76& 7(, ȈȆÛ&ìŚĚ¢ƂIJOa:Ɔ6!$35, ¾Ęō&
ORP :bLjƌȁ$Ǽ¥#ƫÔ$!1ÃƼ!#5, }Ȃ³ơƯ&ƄġȄ:Ŭù6!'Ã
Ƽ 6. -, CAT ťǿǭ&EjXmQbjQ ', ãȗ }Ȃ³ơƯȂ³76ÃƼĚ
ƘÍ76!
4, ¾Ęō&ćȗƞ:ø6!$35, Ȃ³76}Ȃ³ơƯ&Ȅ:â
°6!ÃƼ 6!īõ7.  
 
 































Fig.5-19 ORP of each compartment. 

	 PV
 ]QSa×& 3 &èŹFaǍǳýß$	, ĉś¢ƂIJOa&ĚƼǚ:ǉ!8, 3






Ůï!8, ĉś 1 m3¢ƂČ5$bLj' 3.00 Nm3/m3-ww, }Ȃ³ơƯ' 0.17 Nm3/m3-ww!#
5, çǿ¤bLj 6!ƗǞ7. nİ, Äŭñ±ŅAJĨ£Ȅ:|Ȃ³ŵƯ$ĬƨßÅ, 
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 ő 3–5ŏ	, Ą4D4¬¯ ObWęĽċ	,"¼įAWĽċ
-ï0/ÔĖ ĵß
, ŧ!ƲĩÓ ªØ	,"ŪƇ, Ûŧ!ŉƜ¶3(ú-
. 0- ªØ
, ŪƇ, ŉƜ¶ƣ!, ¿ĕäĺ	ĖŻƒŌÚƍ/+, hƢmƅĴXF
`ļçŚŰƤÆńÙƬ3f/, \4=FbzíĘě 68HCZ46J ŷ¦
/ň-0	., Ʋƍĺêų ƕľ§ƪ/. cõ, ªØ	,"ŪƇ!ÔĖ
-
Ʃa¥/,., ĲİŒ,ĸń7M]<b3¥/ũ/. ő 5 ŏ 
CAT 	, RSS ÔĖhĒÁ/AWŴÍƘĞdaƩ/¥0	., POME
h ŪƇ+ŤšƇ*ĞdûäƇ3ÿ/
-, ªØ	,"ŪƇ Ʃa¥!, NH
Q]® á¤ÿ/ŋ¢0.  
 cõ, ŉƜ¶ƣ*, ŉƜ¶ƗŚŰÿĐĴ ŻÈf, ĵĖřƧŧĐũ/
,., XF`Ńƛŗ£Ʈ/R_P9`ƜŒ VFA  űŎ3¥Ɩ/ũ/
*ň-0/. ő 5ŏ CAT	*, ÔĖh R_P9`Ɯ ŻÚƍ/Ŋ
Ƅ0/. &, ¼įAWĽċ
-ï0/ CL ÔĖ!, ƲĩÓ ŉƜ¶3ÿ/, 
ÿĐĴ iç!ƙƜ, R_P9`Ɯ, ƚƜŒ VFAčç0/ĭ, ĹĶ ½ĕäĺ!, 
¿ĕäĺ3ƕľ/, ÔĖh ŉƜ¶ ÿľũ/Ŧ-0/.  
 āŏ!, POME
- ªØ	,"ŪƇ ¥õĚ ĊŽ, [TE?b] ABR,/ªØ
aŪƇ ¥äũ Ɓw3, ŉƜ¶3ƲĩÓ( CL ÔĖĺõĚ ĊŽ, ¿ĕäNHG\




 Fig.-6.1 ABR ČŁ©3ŋ. ABR!50 mm PVCO5R3Ŝ'2uŶ. ABR Ç
Ŏ! 7.2 L (ÿÇŎ: 6.8 L) , 4 @`ObJX`Jčç. ĉōĘě!Ư¡Ï´ÔĖ 
ĺ3Ų UASB\4=Fb zíĘě3ľ. ABR!68bFbNEſť, E[HDS
HKƘ (ÇŎ 10%) ' 35Ĥ. vƂÔĖ!, ÏċƲŒËƠÂć ÂļƯ²
-ï
0Ư¡Ēģ3B]ƌ, Ŗ+Ƴ, ŨŒ »ªØ3.ƧèÔĖ3ľ, ĖƓĖƕÄ
ÐƝ ABR#vş. ABR HRT! 16üƢªÃ, ÔĖ CODĩÓ3¸/,., 
OLR3ēƨńdùƑƊ3Ų.  
 








 ¿ĕäNHG\4=Fb (ĠņƘ 10L) ,., īřĦŻ ƒŌ VFA3ļçûûŻ
äÿĐĴ/ħäEFbGÔĖ3ľ, HRT 25ø, 55 Ăo, ġŉƜ¶ĩÓ ł/ 2ŗ 
(@`J_b]ŗ: C, ƲŉƜ¶ŗ: S)  ƑƊ3Ų. ħäEFbGÔĖ!, \4=Fb OLR  1.2 
kgCOD/ (m3.d)  /Ďvş. &, ĉōĘě!ļAVĺ3ŲƲĤğĘě3ľ
. Fig. 6-2¿ĕäNHG\4=Fb ČŁ©3ŋ. \4=Fb ±ƇĩÓ3­c/ĭ, ļç
;E,/óì3Ų. &, ŉĴ,/ƤÆ ÙƬ3sĢ/ĭ, ŗ;E[5`hūŉ
µ3ŵŇ. ±Ƈ! 1ø 1Ó, ±Ƈ vşƞ×ƞ Ęě3ÖëÛ, vş. \4=Fb
 ŉƜ¶ĩÓ!, @`J_b]ŗ! 33 mgSO42--S/L, ƲŉƜ¶ŗ! 100 mgSO42--S/L. °ư±
Ƈ!, džīřĦŉƜ¶LJ\6W, ne Þƞř (r: mg/L) 3ġčç; NH4Cl, 500; 
MgCl2a6H2O, 400; CaCl2, 113; FeCl2a4H2O, 2.0; CoCl2a6H2O, 0.17; ZnCl2, 0.07; H3BO3, 0.06; MnCl2a
2H2O, 0.50; NiCl2a6H2O, 0.027; Na2MoO4a2H2O, 0.025; EDTA, 5.0; NaHCO3, 1,000; KH2PO4, 6,805; 
K2HPO4, 8,710.  
 
Fig.-6.2 Schematic diagram of anaerobic batch reactor. 




 \4=FbzíĘě3vƂĘě, XF`ļçĜä (Methane-producing activity, MPA) 	,"ŉƜ
¶ƗĜä (Sulfate-reducing activity, SRA) 3Ɓw. 0* CODòœ, gCOD/ (gVSS.d)  r
ė). ƙƜ, H2/CO2 (80%/20%, 1.4 atm) 3ƫÀvft, N54]ĩÓ! 2,000 mgCOD/L. 
ƃŚéƭ!, ÷³ (Syutsubo-, 2001; Yamaguchi-, 1997) ÜŲ.  
 
  "#\(X7)CN\3J9$)CGR(2<]Y&
 ¼įAWŶƎÏ´ÔĖh iŷ VFA /R_P9`Ɯ ŻÊ/ŉƜ¶ĩÓaĖř« 
ÙƬ3Ɓw/ĭ, \4=FbzíĘě, ĀŉƜ¶ĩÓaĖř«3¹Ăoe (
ĀŉƜ¶ĩÓ: 0, 33, 100, 200, 400 mgSO42--S, ĀĖř«: 0, 0.33, , 0.68, 1.39, 13.9, 25.8, 79.3 kPa) , R_
P9`ƜŻĜä (Propionate-degrading activity: PDA) 3ĥÃƶR_P9`Ɯ N54]ŃĩÓ
! 500 mgCOD/L. ƃŚéƭ! 5.2.2ŔĎ. &, ĀĖř« ÙƬƁwÅƱ!, 
Ėř«ŗÊ, ŉƜ¶ ÿĮ,/ÙƬ Ɓw*Ų.  

 (DBH




 Fig.6-3 ABR OLR	," CODƧĸ ŝø¹3ŋ. 170 ønd ƏŠƑƊ ŞĆ, ABR!
þ» OLR 14.3 kgCOD/ (m3.d)  	, CODƧĸ 90%3Ɣç, ŭ½ĺäũ3ÿ/
ŊƄ0. cõ, Ƨ CODÊ/XF`Ɗòĸ!Ř 25%s, ABR @`ObJX`JdƘ
E:W űŎŊƄ0. Table-6.1èÔĖE:W Ŝç3ŋ. èÔĖ! CODĩÓ, ªØ
ĴĩÓ	,"ŪƇĩÓ	, POME Œ. cõ, ABR űŎE:W!ĖĸŘ
85%,  CODĩÓèÔĖ Ř 10{Ʋ,  CODh Ř 50%ŪƇĿă. &, E:W ű
Ŏƞ!dĝ @`ObJX`J õeƥĝ @`ObJX`J 7–8 {º}Ÿ-0	., 
ĵdĝ @`ObJX`J dƘ>\bEJ[HRĐũ/ŊƄ0. ABR
 űŎE:W!, ÔĖh ŪƇ	,"ªØĩţ0ļç0/
-, ¿ĕäĺ,
/XF`¥!§ƪ/ŋ¢0.  
 Photo-6.1 ABR űŎE:W POMEĺƜļç[>b` 2 űŎE:W3ŋ. Ɯļç[>b`
2 űŎE:WŇŅ/, ƴŮ ƘÑĤ ABRE:W, ƵŮ Ƙ 105ºC jĳÛ ABR
E:Wqƌ/ĎŸ-0.  
-, ABRE:W3¼øÒŒjĳ/
,., Ɯļç[>b` 2 E:WŒ äƇ/ðÉ0. &, Ɯļç[>b` 2 űŎ
E:W!, 300ºCŌÓı/ŃĪ/ŊƄ0	., ABR, Ɯļç[>b` 2õ 
ő 6ŏ ªØaŪƇ	,"ŉƜ¶3(ÔĖ ¿ĕäĺĵä 
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űŎE:W!, T5[bŒ Ĳô UI`CY]3ÿ/ðÉ0. Ü, POME
ĺCEIW!Ɯļç[>b` Ûē ABR 3ſť/
, /!dĝƘ @`ObJ
X`J HRT3Ɵ)ſÃ ABRķ ĺ3Ų,, ÔĖh ªØ	,"ŪƇ3
Ʃa¥, Ē. ûŻäÿĐĴ Ʋƍĺũ/ŋ¢0.  
 
 
Fig.6-3 Time course of OLR and COD removal of the ABR. 
 







































Parameter Unit Restaurant wastewater Scum
pH - 4.85±0.92 -
Total COD mgCOD/L 57,100±1,300 539,000
SS mgSS/L 24,300±5,000 -
TS % - 14.7
Lipid mg/L 12,100±2,400 99,100








 Fig.-6.4 @`J_b]ŗƲŉƜ¶ŗ	/ƙƜ	,"R_P9`ƜĩÓ ŝø¹3ŋ. @
`J_b]ŗ!ƑƊơ¾üR_P9`Ɯ űŎơ¾, R_P9`ƜĩÓ 1,000 mgCOD/L
3ƉÛƙƜ ãĨűŎŊƄ0. 0!, űŎR_P9`Ɯ,.ƙƜƆä XF
`ļçŚŰƤÆ3/ðÉ0. cõ, ƲŉƜ¶ŗ!, ƑƊ 30øŅ&!ƙƜ, R
_P9`ƜűŎŊƄ0,  ÛĢÌ, sĩÓ Ķåz0. Ü, ŉƜ¶ ġ
 VFA űŎ ÝÈf/ŋ¢0.  
 Fig.-6.5ĉōĘě, ƑƊ 91øŅ	/@`J_b]ŗƲŉƜ¶ŗ \4=FbzíĘě XF
`ļçĜä	,"ŉƜ¶ƗĜä3ŋ. ĉōĘě	ŊƄ0
ƙƜƆä XF`ļç
Ĝä (MPA-Ac.)!, @`J_b]ŗ, ƲŉƜ¶ŗ¸ŊƄ0, ĖřƆä XF`ļçĜä
(MPA-H2) ĔƋ/, 00Ř 1/2, 1/30s, ƲŉƜ¶ŗ õ@`J_b]ŗ,.*sĜ
ä|. cõ, ĖřƆäXF`ļçĜä!, @`J_b]ŗ!ĉōĔƋůÒ Ĝä 
seŊƄ0/ Ê, ƲŉƜ¶ŗ!ĜäŘ 4 {&¸/ŊƄ0. &
, ŉƜ¶ƗĜäƣ*, ƙƜ, ĖřĜä ¸ŊƄ0. R_P9`Ɯ Ż!, R_
P9`ƜƜŚŰĖřƆäŚŰ ļàŷ/ň-0/
- (Imachi-, 2000), 
ƲŉƜ¶ŗ!, ĖřƆä XF`ļçŚŰ	,"ŉƜ¶ƗŚŰĖřƧŧĐũ/
,., R_P9`Ɯ űŎ3¥Ɩŋ¢0.  
 cõ, ƙƜƆä ĜäŇŅ/, ƲŉƜ¶ŗ XF`ļçĜä!, @`J_b]ŗ Ř 1/3s

. 
-, ƙƜƆä ŉƜ¶ƗĜäXF`ļçĜä ż!, @`J_b]ŗ XF
`ļçĜäŌÓ. Ü, ƲŉƜ¶ŗ!, ƙƜ ľÊXF`ļçŚŰŉƜ¶
ő 6ŏ ªØaŪƇ	,"ŉƜ¶3(ÔĖ ¿ĕäĺĵä 
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ƗŚŰ Ƣ±ƇŐƈ	., &, ļç0ŉĖř,ƙƜƆä XF`ļç
ŚŰƤÆ3/ðÉ0. ƙƜ!R_P9`Ɯ, ¼įAWŶƎÏ´ÔĖh i






Fig.-6.4 Time course of acetate and propionate concentration of anaerobic batch reactors. 
 
 



























































 Fig.-6.6 @`J_b]ŗƲŉƜ¶ŗ \4=FbzíĘě	/ PDA ¥ĀŉƜ¶ĩÓ
 ƣx3ŋ. @`J_b]ŗ!0 ŉƜ¶ĩÓ	*$%Œ Ĝä Ê, 
ƲŉƜ¶ŗ!ŉƜ¶ĩÓ ¸p, Ĝä dùŊƄ0, ƌÑ°ưü ŉƜ¶ĩÓ/ 100 
mgSO42--S/L!, ŉƜ¶ĮġüĔƋ 2{ƲĜä3ÿ. , ¥śkü	/
ŗ ŉƜ¶ĩÓ3ĥÃ1, @`J_b]ŗ!ŉƜ¶þ» 50 mgSO42--S/LŌÓ

ľ0 Ê, ƲŉƜ¶ŗ!, þ» 170 mgSO42--S/L ľŊƄ0. 2, 
ƲŉƜ¶Ɨũ3ÿ/ƲŉƜ¶ŗ!, ŉƜ¶ĩÓÊáR_P9`ƜŻũ/, 
@`J_b]ŗ!ŉƜ¶Ɨũ Ʀŀ 50 mgSO42--S/LŌÓ/ĭ, ŉƜ¶ĩÓ ¸ƣ2-, 
Ĝä$%cÃ* Ŧ-0.  
 Fig.-6.7 ƲŉƜ¶ŗ \4=FbzíĘě	/¥ĀĖř«Ăo	/ PDA 3ŋ. 
&, ©hŋÅŢ	,"ĬŢ!00, ŉƜ¶ġŗ (S100: 100 mgSO42--S/L) Įġŗ (S0: 0 
mgSO42--S/L) 	/, Ėř« 0 Paü Ĝä3ŋ/. S0	/Ĝä ¹3Ÿ/, ĀĖ
ř« 102–103 Pa ŕ¨	, Ėř« 0 Pa üĔƋŘ 50%R_P9`ƜŻĜäse
/ŊƄ0.  
-, ÿĐĴ ŻĀƲĖř«ý0/, R_P9`
ƜŻÊƤÆńÙƬ~
. 0Ê, S100!Ď ĀĖř«ŕ¨
	*, Ėř« 0 Paü$%Œ Ĝä3zí. ÅƱügŗ Ėř« î3źÉ
1, S0, S100ÅƱơ¾ 1üƢÛ!, Ėř« 102 Pane&se/ŊƄ
0, S100 Ėř«^S]! S0 Ř 50%. cŬń, ĖřÊ/±ƇŹ ä!ŉƜ¶
ƗŚŰ õXF`ļçŚŰ,.*Ʋň-0/ (Holmer&Kristensen, 1994). Ü, ÿ












Fig.-6.6 Effect of initial sulfate concentration to propionate-degrading activity. 
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Control!
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 āŏ!, POME h ªØaŪƇ ¥	," CL ÔĖh ŉƜ¶ ÿľĚ ĊŽ3Ų. 
ªØ	,"ŪƇ3ƲĩÓ( POME ĺƣ!, ABR3ƕľ/,., ÔĖh ªØ
	,"ŪƇ3@`ObJX`J dƘE:WƩa¥,  l ûŻä ÿĐĴ
ƣ!, XF`¥ũ/ú-
. &, ¥0E:W!, ªØ	
,"ŪƇ3iç	., Ėĸ* 85%ŌÓ/
-, Ï´ T5[bŒ Ĳô 
ľũäŦ-0. Ü, POMEĺƣ!, Ɯļç[>b`+ ABR,ƪŻäĴ
Ƈ/ªØ	,"ŪƇ Ʃa¥/,/, Ûē ¿ĕäĺ Ʋƍÿ/
ŋ¢0.  
 ŉƜ¶3ƲĩÓ( CL ÔĖ ĺƣ!, ŉƜ¶Ɨ,.ļç0/ŉĖř,/XF
`ļçŚŰ# ƤÆ+, ŉƜ¶ƗŚŰXF`ļçŚŰ Ƣ ±ƇŐ,., XF`¥ĸ
 seæâ0. 
-, ŉƜ¶ƗŚŰĖřƧŧĐũ/,., ¼įAW
ŶƎÏ´ÔĖh iŷ VFA /R_P9`Ɯ ŻyƐ	,"Ėř« sĢũ/
*ú-
. Ü, ŉƜ¶ƗŚŰXF`ļçŚŰ,/ÿĐĴŻ3Ʃ/,
., õ Ĭ Ĝľũ/ŋ¢0.  
 dž ŞĆ,., POME ĺCEIW!, ABR 3, ¼įAWŶƎÏ´ÔĖĺCEIW
!, ŉƜ¶ƗŚŰXF`ļçŚŰ,/ÿĐĴŻ3Ʃ/ĭ, 2ďÕ UASB3ñĈ, ő 7
ŏ	/ÅƀƂƱ3Ų* /.  


Q  P +TAL
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 ƙ 3–5Ƙ , Ł®9H9ÎÑ"Wm`Şžŉ0%ÛŲE`žŉ 3źƾ"þřŻGI
O`"ĐƳǋ0%Ũã¨Ń?Iğǰ"ǋ7ƾ. Wm`Şžŉ 3þřŻGIO`"
źŷ"Ǐȉ#, Ũã¨Ń?Iğǰ"ŧ2, ÞŘĐŻĆ"þť#ťƲZekOmGdk




 ľƘ#, ƙ 6 ƘĈ14ƦŃ Ò	, POME Ż é#ÊĄ/ƴǘ7ȀlÆ¶ºƳ
ȏǢÞŘĐŻGIO`3 ABR 7, ÛŲE`ǂǣðÔþřŻ é#ƎǮÕǬaKkŽ
Ė7Ȁ 2ōĀ UASBƈ<UgAmÐÜŘĐŻGIO`3 DHS7Ƥ+½6GIO`
744ġŅ, ǤƨþřŻâȎ 02ŻĐƳ"ǋ7ƾ. *, ġŅGIO`"ĐƳƙ





 ?SH)&*-8G:  3YH_b1
 ľâȎǁƮ#, ^hmG9Ë"Wm`ŞðÔ"ĬÎ ǉƮ4. ăǍðÔ#, ùǷ 163oQk
" FFB 7Ż3Ƴ¦7Ļ2, ùǷ" CPO Žžǰ0% POME ğǰ#44 34 oQk
0% 106 oQk. *, ăǍðÔ # 4 Ò"ǵǳÐÞŘĐŤ«ōǉƮ42, HRT 
0% OLR#44 40 ı, 1.3 kgCOD/(m3.d)  (ŦǑ1, 2011).  
 Fig.-7.1 ABR"ŊƃÉ7Ɛ. ABR#Ļ¨åƕ 40 m32, VNXgZhmQ 02ǭ7 6
"DkWmQakQ Ȁ42, ţǭ 3DkWmQakQ "+ĥĜſ"řt_@Fm
ǉƮ4. ǌþř #, ƙ 3Ƙ"ÞŘĐeCmk"ĐƳŗǛ7ƾŰ, þř"ĻŐŵŮý¤ǟ
3ÞŘĐeCmk¾ƒý 3Ō , řǨř  2 õǯ POME, ðÔ ǉƮ4 DAF
 02¤Ż7ƾ POME7ſ. Table-7.1  õǯ POME, ¤Ż POME0%ƙ 3Ƙ 3
ÞŘĐeCmkţř"ƤĖ7Ɛ. õǯ POME "ŬǆĐ COD Ůýƹø."", Ŋ! 3 þř
 ȋƤĖ3Əǎ4. ABR" OLR#, HRT7ƌƬ3 02, ŕǽƅ Ö§
1ǤƨǦǚ7âİ. OLR 7Ö§
ǧƒ , 9g>fý7Ƨ3Ű, ABR
Żř7þřţǰ é 0.5"ŗŸĊż7ƾ. *, ABR"ņƓśš #, ¤ǟðÔ"
ǵǳÐÞŘĐŤ«ō"śš7ſ.  




Fig.-7.1 Schematic diagram of ABR system. 
 
Table-7.1 Chemical characteristics of diluted POME, pre-treated POME and influent of anaerobic lagoon. 
 
 
  QF 	
 "$'+>V!+adD=ET3YH_b1
 Fig.-7.2  2 ōĀ UASB-DHS GIO`"ŊƃÉ7Ɛ. ľGIO`#, ƙ 4 Ƙ ǐń7ƾðÔ
 ǉƮ. ľGIO`#, þřt"ŔàE`7Ȁ3VNXgÐ"eVmQeNZ (Ļ¨åƕ 
1180 L) , 2ōĀ UASB (Ļ¨åƕ 1st UASB: 997 L, 2nd UASB: 597 L) , DHS (I]kHåƕ 195 L) 0
2ŋĖ4. UASB0% DHS"ņƓśš #, ðÔ"ÞŘĐ]kR0%ÜŘĐ]kR"śš7
ſ. eVmQeNZ"åƕ#, ƙ 5 Ƙ" CAT7³ư , HRT 2.5–6.0 ı3Ō Ŝá.  
 ƙ 4Ƙ.ǟ'Ō , ăǍðÔ1# CLþř, RSSþř0% STRþř" 3Ɠȋ"þřğ
4. Table-7.2  âȎļǷt 3¼þř"ƤĖ7Ɛ. 3 Ɠȋ"þř", ĺ.ȏŮý3
CLþř Ǹ#, eVmQeNZǡǧĆ 2.5 N"řǮ«SQf;`7ſ pH7 6.9–7.5 ǐī
Ć 1st UASB&Ƨ. *, 1st UASBŻř"nǭ7, þřţǰ é 2.0"ŗŸĊż
7ƾ. nį, RSSþř STRþř Ǹ# 2nd UASB DHS"+7ſŻ7ƾ.  
Diluted POME Pre-treated POME Influent of anaerobic lagoon
pH - 5.13±0.47 4.80±0.26 4.65±0.76
Total COD mgCOD/L 33,100±8,100 46,500±13,400 47,800±16,500
Soluble COD mgCOD/L 13,000±3,100 22,000±5,900 29,800±1,700
SS mgSS/L 8,990±2,720 13,000±3,600 10,500±6,260
VSS mgVSS/L 7,790±2,380 11,800±3,200 8,950±5,540








Fig.-7.2 Schematic diagram of two staged UASB-DHS system. 
 




 ľƘǋ7ƾġŅGIO`, ƙ 3–5 Ƙǋ7ƾźŷ"þřŻGIO` Ǹ, Ż
řǘ, <UgAm, Ũã¨Ń?Iğǰ ŗǛ, źÎ ĺǪGIO`"Ňǈ7ƾ. Fig.-7.3, 
7.4  44 POME 0%ÛŲE`ǂǣðÔþř"¼ŻGIO` 3XimMcmQ7Ɛ. 
POME Ż Ǹ#, źÎǪſ43eCmkGIO`, ġŅGIO`3 ABR GIO` 
(õǯ POME Ż) 0%źÎ"GIO`ġŅGIO`7Ƥ+½6ǮŽĖeCmk-ABR GIO
` (¤Ż POMEŻ) " 3GIO` ŗǛ7ƾ. *, ĺƣŻř#ZekOmGdk"
ťƲ¢ſ3. ÛŲE`ǂǣðÔþř Ǹ#, K:"ðÔ 3]kRGIO
`0%ġŅGIO`3 2ōĀ UASB-DHSGIO`" 2GIO` ŗǛ7ƾ. *, 2
ōĀ UASB-DHSGIO` Ǹ#, CLþř"Ż7ƾÔ½" UASB# 2ō, RSS0% TSRþř
"Ż7ƾÔ½# UASB1 ō"+7ſ3á. źÎ"GIO`"Ǧǚ Ġ3<UgAm
CL RSS STR
pH - 5.54±0.54 7.52±0.42 7.84±0.27
Total COD mgCOD/L 14,300±2,600 1,360±650 1,280±770
Soluble COD mgCOD/L 8220±2,020 470±222 284±185
Total BOD mgBOD/L 8,670±2,750 423±226 502±232
SS mgSS/L 1,780±1,260 651±677 261±116
Sulfate mgS/L 1,430±490 3±8 4±9
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ǰƚ #, ðÔǸƱ1ġ4đÓ Òƛ. þřŻGIO`1ğ
43Ũã¨Ń?Iǰ#, ƙ 3 Ƙ0%ƙ 5 Ƙ"ǐńĈ14ğĪ7ſƛ. ġŅGIO
`"Ǧǚ Ġ3<UgAmǰƚ #, ǤƨâȎ"ƦŃ1Ĉ14ĺÚǊå OLR ðÔ
"þřğǰ1¼ǁƮ"ǉǇ7ƾ, Żţǰ, Ģƒ, čǃƖŘǰƚ1čǃ]kZª¦ƚ7ƛ
. *, Æ¶aKk1Ĉ143<UgAmǰ#, ðÔ"\:em7ſƄȂ7Ēá, \:
em"¨Ÿ7 90%, ƄȂ¨Ÿ7 25%, aKk"Ƅųǰ7 37.18 MJ/Nm3-CH4, 1 kWh"ƄȂ čǃƄų
ǰ7 3,600 kJƛ7ƾ. 


Fig.-7.3 Flow chart for the conventional lagoon system (upper) , the ABR system (middle) and the acidification 
lagoon – ABR system (lower) for POME treatment. 
 




Fig.-7.4 Flow chart for the conventional ponding system (upper) and the two-staged UASB-DHS system (lower) 
for natural rubber processing wastewater treatment. 

 4NLU
 ¼Ɠřǘ0%?IƤĖ"ł#, ƙ 3–5Ƙ¾Ō"ęŠ 02âİ.   
 
 @f]O^A
 ?SH)&*-8G:  3YH_b1
 Fig.-7.5 ABR"(a) OLR HRT, (b)  COD0%ŬǆĐ CODǻ²Ÿ"ƥıØ«7Ɛ. ǦǚǶÝ
1 162 ıƆ*# 2 õǯ POME7Ƨ, "Ć DAF 03 ¤ŻĆ" POME"Ƨ7
ƾ. õǯ POME"ǤƨŻ#, HRT7 50 ı1ŕǽƅ ƌƬ, ĺƣƅ HRT 11 ı ĺ
Ú OLR 4.63 kgCOD/(m3.d) 7ǩĖ. nį, ¤Ż POME"ǤƨŻ#, HRT7 8 ı*ƌƬ, ĺ
Ú OLR 8.18 kgCOD/(m3.d), õǯ POME ŗǛ 1.8 ȏ OLR "ǦǚºƳ. õǯ
POME, ¤Ż POMEŻĵ 3 CODǻ²Ÿ#,  COD44 93.1±4.2% 93.4±2.1%, Ŭǆ
Đ COD44 92.3±5.8% 93.7±2.1%ƸÜŻƾ64. ƙ 3Ƙǐń7ƾeCm
kGIO`" HRT# 53 ı, ÞŘĐeCmk" HRT# 45 ı2, *ľƘâȎ7âİð
Ô"ǵǳÐÞŘĐŤ«ō" HRT# 40 ı31, ABR7Ǫſ3 02, ćŀĚƿŗ
Ǜ 5p"ȏǢŻºƳ3ƐÃ4.  
 




Fig.-7.5 Time course of (a) OLR and HRT, and (b) total and soluble COD removal of ABR. 
 
 Fig.-7.6  , õǯ POME 0%¤Ż POME "Ż 3 COD VekI7Ɛ. ABR  ţ
COD", õǯ POME# 42.8%, ¤Ż POME# 63.4%aKk ǚģ3Əǎ4. 
nį, õǯ POME# 50.3%, ¤Ż POME# 30.0%ĽƋĖ. POMEƚ"Ş7ȏŮý
 À,þř"ÞŘĐŻ7ƾÔ½, ǁƮ"ĝśšþřt"ŞƦ½, I>`ĄĖ4, 
ǁƮ"pǭ ƼƕĴƋ143 (Ùï1, 1999). Photo-7.1 , ABR"ţ¸0%ţ¸
 ƼƕI>`"Ɖ7Ɛ. õǯ POMEŻĵ #, ABR"ţǭ I>`"ƼƕƏǎ4
, ¤Ż POMEŻĵ #, ţǭ"+I>`"ƼƕƏǎ4. "ŻƁ, I>
`ĄĖ"uÇ3Ş¤Ż 02ǻ²4 02, ĻŐŵǰ é3Ş"ÀĻǰŧì
, I>`Ƽƕŧ4ư14. nį, ƼƕI>`#ÞŘĐĿq ƶòǆ
Đ7Ļ3Əǎ4. Fig.-7.7  ABR ƼƕI>`"ƶòǆ 3 COD VekI7Ɛ
. ABR  ƼƕI>`# COD Ėt" 73.2%ƴǘ, ÞŘĐĿq ƶò
ǆǥƾ, 25ıǷƴǘ" 94.0%ǆ4, ǆ4ƴǘ()ăǰ"aKkŽĖƏǎ4. 
ć, ABR  ƼƕI>`t #, ƴǘ"ǆ ær3ċŽŵƯȏŮý À*42, Ƽ
ƕI>`7Ȁlƶòǆ3 02, aKk"Æ¶ºƳ3¾ĵ , ƶòǆĆ"I>
`7 ABR  ǞǠ3 02, ƴǘ"ǆƳ 4śš¢ſºƳ3ƐÃ4
. 1, ƴǘuĖ3I>`"ƶòǆ # 25ıƒý"ŭƂĵǷ7Ļ3Ǐȉ
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.Ğ14. nį, 6.3.1Ɲ űĥĜ" ABR 0Æ¶4I>`#, śš7(8À8
1, ÊĄ0%ƴǘ7uĖƏǎ43. ľƘ#, POMEt"ƴǘ"
ǆ¨Ÿ7ȏ-3Ű ţǭ ĥĜ7ƾ, Ƽƕ3I>`"Ż"ƞĐ7ưĔÔ½, 
ABR"ţǭ#ĥĜ7ƾ6į, GIO`"Ż¨Ÿƅ3ƐÃ4.  
 
 
Fig.-7.6 COD balance of ABR. 
 
 
Photo -7.1 Accumulated scum in ABR. 
 




Fig.-7.7 COD balance for anaerobic digestion of accumulated scum in ABR. 

  QF 	
 "$'+>V!+adD=ET3YH_b1
 Fig.-7.8 CLþřŻ 3 1st UASBGIO`" (a) OLR(b)  CODǻ²Ÿ"ƥıØ«
7Ɛ. , GIO`#eVmQeNZǺ"ŽŵŻǭ"7Ɛ. CLþřŻ#, Ǧ
ǚļǷ7 1st UASB" OLR HRT 02 5 âȎ7ƾ. ǦǚǶÝ1 90ıǷ#IKmQ
9NZļǷ, ǔƺǦǚ1f9BKmĝśš"ȇȌ7ƾ. Phase 1# 1st UASB"
HRT7ƌƬ1 OLR"Ö§7ƾ, HRT7 4ı1 2ı ­ŧĆ , 1st UASB, 2nd 
UASB´į"ĝśš"ţƄŽ, 1st UASBGIO`" CODǻ²Ÿ#44 25% 60%
*q. "±Ç, 1st UASB " HRT7­ŧ 02GdNBimRŷē 
*ư14. , phase 2# 1st UASB" HRT7 4ı ǉáǦǚ7ƾ
5, s UASB 1"śš"ţ#ŧì. ¾ļǷ 3GIO`" COD ǻ²Ÿ#
91.5±10.8%ƸÜ , 1st UASB " COD ǻ²Ÿ# OLR 2.5 kgCOD/(m3.d)  
30.9±10.8%. ć, ¾ļǷ #Ćŕ" 2nd UASB0% DHS 02ĻŐŵ"­
pǻ²4ƐÃ4. Phase 3#, 1st UASB" HRT# phase 2¾Ō" 4 ı ǉá
, OLR 1.5 kgCOD/(m3.d)3Ō þř7řǨř 02õǯ 1st UASB&Ƨ. "ƦŃ, 
1st UASB 0%GIO`" COD ǻ²Ÿ#44, 72.6±3.9%0% 95.7±1.3%*Ö§, 
ŻĐƳ"¿pƏǎ4. Phase 4, 5#, 1st UASB&"GdNBimR"ąȅ7ǋ3Ű, HRT
7 2 ı ƌƬþř"õǯ7Œŷş 10 ıǷǦǚ7ƾ (phase 4) , "Ć phase 3¾Ŀ
 ėǦǚ7Ƕ (phase 5). "ƦŃ, phase 4# 1st UASB" CODǻ²Ÿ 50%ƒý*
q."", phase 5# 76.2±0.7%*Æĉ. ć, ǴļǷ Ǧǚ 02 1st UASBĝśš
















Unknown! Methane! Lipid! Protein! Carbohydrate!
ƙ 7Ƙ Ł®9H9ÎÑ"9Ci:kLIQfm ǪſºƳþřŻGIO`"ġŅ 
!
! 87!
 ǤƨâȎ"ƦŃ02, GIO`ƸÜŻ7Ʃĝ3Ô½, 1st UASB "ǊåĺÚ OLR # 2.5 
kgCOD/(m3.d), 1st UASBƶ"ĻŐŵǻ²Ƴ7ȏ
3Ű #, 1.5 kgCOD/(m3.d) Ǫ  OLR3
Əǎ4. " OLR #, CL þř"Ż7ƾ3|"ÞŘĐŻGIO`¾ƒý"."
 (Kongjan1, in press; Hatamoto1, 2012; Boonswang1, 2008; Kanyarat & Sumate, 2008; Anotai
1, 2007). nį, ĻŐĐ"ðŉþřŻ7ƾ3tŨ UASBŗǛ3, ȃö  OLR
 (Gali1, 2005). "ŻƁȐCLþř"ŶČ, ȏŮý"ƎǮÕÀ*43
Ğ143. ȏŮý ƎǮÕ7À,þřÞŘĐŻ7ƾÔ½, ƎǮÕǬ 0ȏŮý"Ǝ«ř
ơŽĖ4, 41aKkŽĖ¹Ƣƻ"ŢĐ7ǹä3Ƌ143 (Lens1, 1998). Table 
7-2 02, CL þřt"ƎǮÕƎǮÕǬƢƻ 03ĻŐŵǆ ¢ſ4Ô½,  COD "Ơ
30%ƎǮÕǬ 02ǆ43 3. Phase 2 , 1st UASBţřt"ƎǮÕ" 90%
p, 1st UASB¢ſ4Əǎ431, 1st UASB 3ĻŐŵ"
ǆ#, ƎǮÕǬƢƻ 03."Úǭ3ư14. *, ƎǮÕ 1st UASBŤǕ
43 02, 2nd UASB#aKkŽĖ¹Ƣƻ"Ǝ«řơ 03ǹä7Æǫ3ºƳ3. 
ć, CLþř"Ż7ƾÔ½#, ƎǮÕǬ 03ĻŐŵǻ²aKkŽĖ 03ĻŐŵǻ²7 2
ō ǥƾ3 02, ƸÜŻ7ƾºƳ3ƐÃ4.  
 
 
Fig.-7.8 Time course of (a) OLR, and (b) Total COD removal of whole system and 1st UASB for CL wastewater 
treatment. 
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 CLþř"ǤƨŻâȎâİĆ, ǌþř7 RSS, STR"ȇ  2Ĺ, 2nd UASB DHS 03þř
ŻâȎ7ǶÝ. Fig.-7.9 RSS, STRþřŻ 3 2nd UASBGIO`" (a) OLR(b) 
 CODǻ²Ÿ"ƥıØ«7Ɛ. RSS, STRþřŻ#, 2nd UASBGIO`" HRT# 1 ı
0% 1.3 ı ǉá. RSS0% STRþř 3 CODǻ²Ÿ#, 2nd UASB¯# 62.8±20.0%
 60.8±14.2%, GIO`# 89.3±6.3% 87.8±7.6%2, ƸÜŻƾ64. CLþř
ŻâȎ" phase 2 , GIO`" HRT# 7.0 ı31, RSS0% STRþř
"Ż#, CLþř" 1/5ƒý" HRTŻºƳ3Əǎ4. "ŻƁ#, RSS
0% STR þř" COD Ůý# CL þř"Ơ 1/7 2, ƎǮÕ.(8À*4
1, ŽŵǆåĴŰ3ƐÃ4.  
 
 




 Table-7.3 POMEŻ 3źÎGIO` ABRGIO`"ĺƣŻřǘ7Ɛ. ȆƆ 
, ABRGIO`źÎ"GIO`7pÆ2, POMEŻGIO`ǪſºƳ3
Əǎ4. nį, ğřÒūŗǛÔ½, ȆƆ ğřÒū7Ū1, ŝï
ƚ&"Żř"ħţ7Ēá3"4$, Ćŕ ÜŘĐŻGIO`"ëčȈ3Əǎ
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4. 1, źÎ"GIO`3eCmkGIO`0%ǵǳÐÞŘĐŤ«ō#, Żř
7ťƲZekOmGdk ĩô2, ABR GIO`"Żř#źÎ"GIO`02.ȏ
řǘ7Ļ31, ¾Ō ťƲ"ĩôºƳ3ư14.  
 Fig.-7.10  ¼GIO` 3 1 ıă2" (a) Ȃ¦ŤǕǰ0% (b) Ũã¨Ń?Iğǰ7Ɛ. 
ABR GIO` 3Ȃ¦ŤǕǰ#, 7.3.1 ƝĈ14ĺÚ OLR ĵ" HRT 7ſƙ 3 Ƙ"ðÔþ
ř7Ż3" čǃǁƮåƕ7Ŝá, ABR"pĲƫţǢ7 0.3 m/h, DkWmQakQ"Ī7
10 ǁƮ"ûȄƕ0%ȏ7ŜáĆ, ţǰ0%čǃĢƒ1]kZª¦7ƛŚ
- . Ȃ¦ŤǕƁŀ"Ũã¨Ń?Iğǰ # , ^hmG9 3ğĪ  0.741 kg-CO2/kWh 
(Kuriyama, 2014)7ſ. ǮŽĖeCmk0%ÞŘĐeCmk1ğ43Ũã¨Ń?Iǰ#, ƙ
3Ƙ"ũá7ſ. eCmkGIO`, ABR čǃª¦# POME7Ǡť3]kZ"+3
, eCmkGIO`#ȏñ 0 POME7ţ3" é, ABR#þť7]kZ9NZ
3čǃ3Ű, Ģƒ"Ú	 ABRGIO` (ABRåƕ: 3,200 m3, ȏ: 8 m, HRT: 11ı), ǮŽĖe
Cmk-ABRGIO`  (ABRåƕ: 2,400 m3, ȏ: 6 m, HRT: 8ı), eCmkGIO`"ȇ Ȃ¦ŤǕǰ
#Ú	
3, 4"GIO` . ABR Æ¶43aKk7ƄȂÔ½ Ĉ1
43Ȃ¦" 0.4%q. nį, Ũã¨Ń?Iğǰ Ǹ#, eCmkGIO`, ǮŽĖeCm
k-ABR GIO`, ABR GIO`"ȇÚ	
2, ÞŘĐeCmk"+7 ABR  Ʈ	ģÔ½
88.8%, eCmkGIO`7 ABR  Ʈ	ģÔ½ 99.9%, Ũã¨Ń?Iğǰ7£ŧºƳ
3Əǎ4. CDM xŉ 02ăǍðÔ ABR GIO`7ëÔ½, >m\kBhHN
Q7 6.0 USD/t-CO23, ABRGIO`# 24.6o USD/year, ǮŽĖeCmk-ABRGIO`#
21.8o USD/year"ğ·ā3Ű, ABR"ÿǉDIQ"¯7 1000 USD/m3-reactorÔ½, 10–
30ùÿǉDIQ7ǖºƳ3. *, ABRÆ¶ºƳaKk#Ơ 400 MJ/m3-POME
. Wm`ŞðÔ #, ƭƩ, Ɠ, ňßŖƚ, |"¥žŵƄȂſ"Ŵĭǒè 3, 
Wm`ŞðÔ#óǀÎ1Ȁ4ÔĘ 3Ű, ×Ȃ7ƾŰ"ǉěǗ DIQĠ31, 
Æ¶aKk7ſƄȂ#, ŽžƱ afNQì. 1, ^hmG9Ĩü"
įǲ 02, źŷ íǶ43 CDM xŉ#, V:=?I#ƄȂ ¢ſ43. nį, 
V:=?I"ƤĖ7, aKk 97% (v/v) p, yǮ«ůơ 3% (v/v) q, Ǝ«řơ 10 ppmv, Àřǰ 32 
mg/Nm3q*Ɵǂ3 02, ÛŲ?I(Compressed Natural Gas: CNG) "~Ĺſ3
ºƳ3 (Tong & Bakar Jaafar, 2005). ZekOmGdk#, FFB"ǝǠ/ťƲ"ĩô ſ
3QeNB"Ŵĭčǃ3, 417ÛŲ?IǙ , "Ŵĭ Æ¶lƟǂaKk7
ſ3#, ŽžƱ .afNQ3Ű, {Ć#, POMEŻĚƿV:=?I"ƟǂĚƿ
"¾ĵǶƄ7ƾ
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Fig.-7.10 (a) Power consumption and (b) GHGs emission of each POME treatment system. 
 
 Table-7.4 K:"ÛŲE`ǂǣðÔþřŻ 3]kRGIO` 2ōĀ UASB-DHSGIO`
"ĺƣŻřǘ7Ɛ. 2ōĀ UASB-DHSGIO` Ǹ#, ¼þř"ŻĐƳ7ſ, Fig.7-4"
GIO`XimŻ7ƾÔ½"ĺƣŻřǘ7ƛ. ȆƆ , 2ōĀ UASB-DHSG
IO`źÎ"]kRGIO`7pÆ2, ÛŲE`ǂǣðÔþřŻGIO`ǪſºƳ
3Əǎ4. nį, ğřÒūŗǛÔ½, (8"ȆƆ#ǩĖ3."", Ɨơ
 Ǹ#ǩĖ	. źŷ" 2ōĀ UASB-DHSGIO`#, Ɨơǻ²7ƾGIO`
Ű, ğřÒū7ǩĖ3Ű #, DHSŻř" UASB&"ǞǠ3#Ćŕ Ɨơǻ²
ZiJI7§3čǃ3ƐÃ4.  
 Fig.-7.11 K:"]kRGIO` 2ōĀ UASB-DHSGIO` 3 1ıă2" (a) Ȃ¦ŤǕ
ǰ (b) Ũã¨Ń?Iğǰ7Ɛ. ȑōĀ UASB-DHSGIO` 3Ȃ¦ŤǕǰ#, 1st UASB 
# 7.3.2Ɲ" phase 2 3 HRT 4ı7, 2nd UASB DHS # RSS, STRŻ7ƾǾ
" HRT 1ı 0.3 ı7ſăǍðÔþř7Ż3" čǃǁƮåƕ7Ŝá, UASB"pĲ
Lagoon system Closed digeser ABR system
pH - 7.79±0.29 7.4±0.3 6.98±0.28 5 - 9
Total COD mgCOD/L 5,060±4,010 17,100±1,200 3,000±1,160 1,000
Soluble COD mgCOD/L 1,500±220 2,030±120 1,340±390 -
BOD mgBOD/L - 1,890±400 366±104 100
SS mgSS/L 1,490±740 12,400±1,400 1,280±670 400





ƙ 7Ƙ Ł®9H9ÎÑ"9Ci:kLIQfm ǪſºƳþřŻGIO`"ġŅ 
!
! 91!
ƫţǢ7 5.0 m/h (1st UASB#Ċżř7À-) , ǁƮ"ûȄƕ0%ȏ7ŜáĆ, ţǰ
0%čǃĢƒ1]kZª¦7ƛŚ-. DHS  Ǹ#, ţ3ĻŐŵ, Ǝ«ŵ0%Ɨ
ơ"Ǯ« čǃǮơǰ7ſ, DHS 3Ǯơ"Ŭǆ¨Ÿ7 20%, ĸŘ ſ3Yij"¨Ÿ7
60%, DHS"Í7 300 mmAqčǃĸŘª¦"ƛ7ƾ. *, DHS"ĩřŐ Ġ3
ª¦#, 0.8 W"bmKm7 1ı 24ĵǷƔ3.". Ũã¨Ń?Iğǰ#, ƙ 5Ƙ"ũá
ƦŃ7ſ, aKk0%zǮ«Ɨơ?I"ğĪ7 0.009 t-CO2e/kgCOD, 0.543 t-CO2e/kgN
ƛ. *, 2ōĀ UASB-DHSGIO` , eVmQeNZ#ƙ 5Ƙ" CAT"DkWmQa
kQ 1-5 ¾ƚ"ĐƳ, ¾DkWmQakQǷ 3Ũã¨Ń?Iğǰ7ƛ, eVmQe
NZ1"Ũã¨Ń?Iğǰ. 4.3.2 Ɲǟ'Ō , ]kRGIO` 3Ȃ¦ŤǕ#, 
CL þřŻ0%ĆŕŻ7ƾ3ĸŘ]kR(8. nį, 2 ōĀ UASB-DHS G
IO` (1st UASBȏ: 6 m, 2nd UASB ȏ: 5 m) #, þř"Ǡť ſ3]kZª¦ŤǕȂ¦
" 53.4%, DHS 3ĸŘª¦" 46.6%2, ƪŤǕȂ¦#]kRGIO`" 9.0%
. *, UASB Æ¶aKk7ƄȂ ſÔ½, GIO`"Ǧǚ čǃŤǕȂ¦"ǰ7
1st UASB"+1Æ¶43aKkǖºƳ2, Ŕ2"ƄȂǰ#, ǂǣŤǕ3Ȃ¦
" 4.3% Ƈă. ]kRGIO`1ğ43Ũã¨Ń?I" 98.6%ŻĆ" CL þř RSS
þř7Ż3ÞŘĐ]kR STR 7Ż3ÞŘĐ]kR1ğ4. 4.3.3 Ɲƛ4
]kRGIO`1ğ43Ũã¨Ń?Iǰ# 24.3 t-CO2e/d, ƙ 5Ƙ ÛŲ
E`ǂǣðÔþř"Żǧƒ1#zǮ«Ɨơ?I.ğ43Əǎ41, zǮ
«Ɨơ7ưĔŨã¨Ń?Iğǰ7ƛ3 400 t-CO2e/d2, zǮ«Ɨơ7ưĔÔ½
" 15 p. 2 ōĀ UASB-DHS GIO`7ë3, ÞŘĐ]kR1ğ43Ũ
ã¨Ń?I7Æ¶3ºƳ2, GIO`ğ43Ũã¨Ń?Iǰ7 92.9%£ŧºƳ
. ć, Ȃ¦ŤǕǰ"£ŧƆƅ4$ 1st UASB DHS"ë, Ũã¨Ń?Iğǰ"
£ŧƆƅ4$ 2nd UASB"ëĺ.¨Ńƅ3ƐÃ4.  
 




pH - 7.99±0.08 6.69±0.52 6.77±0.64 7.06±0.62 6.99 5.5 - 9.0
Total COD mgCOD/L 112±20 106±33 94±15 101±19 100 120
Soluble COD mgCOD/L 88±35 94±30 91±24 94±14 93 -
Total BOD mgBOD/L 46±18 41±12 8±9 8±10 9 20
SS mgSS/L 49±15 121±52 6±2 8±5 11 50
Total nitrogen mgN/L - 1,510±160 140±38 141±36 181 -
TKN mgN/L - - - - - 100













Fig.-7.11 (a) Power consumption and (b) GHGs emission of ponding system and two-staged UASB-DHS system. 
 
 ǁƮ"ÿǉDIQ7ưÔ½, ÿǉDIQ"¯7 1000 USD/m3-reactor 3, 1st UASB (å
ƕ:300 m3), 2nd UASB (åƕ:2,575 m3) 0% DHS (åƕ:1,545 m3) "ÿǉDIQ#44, 30o USD, 
180o USD0% 103o USD3. CDMxŉ 02ăǍðÔ 2ōĀ UASB-DHSGIO`7ë
Ô½, >m\kBhHNQ7 6.0 USD/t-CO23, 81.3o USD/year"ğ·ā2, ÿǉD
IQ7 4ùǷǖºƳ3. nį, Æ¶aKk7ƄȂ ¢ſ3, źŷ"]k
RGIO`ŗǛùǷ 437 MWh "Ȃ¦ŤǕǰ"£ŧºƳ3. K: 3ȂŘĭǱ#
0.0906 USD/kWh 31, ðÔ 39.6 o USD/year "DIQ£ŧºƳ3. ć, 
CDM xŉaKk?I"ƄȂ7ƾ 02, 2 ōĀ UASB-DHS GIO`7ăǍðÔ ë
3afNQ#Ú	ƐÃ4.  
 Fig.-7.12  , POME 0%ÛŲE`ǂǣðƒþř"¼ŻGIO` 3þř 1 m3Żă2" 
(a) Ȃ¦ŤǕǰ0% (b) Ũã¨Ń?Iğǰ7Ɛ. *, POMEÛŲE`ǂǣðƒþřŻ 
3Ȃ¦ŤǕǰ7ŗǛÔ½, ÞŘĐŻř7ťƲ¢ſ3 POMEŻ"į, ÜŘĐŻ
7ƾ6Ű, þřt"ĻŐŵŮýȏ .Ǹ61Ȃ¦ŤǕǰÚ÷ ìƏǎ4. 
ő , K:[QS` 3þřŻGIO`7ŗǛ3, ƙ 5 Ƙǐń7ƾ RRIV "ǶƄ
 CAT-ATGIO`ĺ.Ȃ¦ŤǕǰì
. nį, [QS`"ðÔ A, BK:"ðÔ 
3]kRGIO`7ŗǛ3, ðÔ A, B  K:"]kRGIO`ȋGIO`7ſ3
 .Ǹ61, [QS`"ðÔ# 9–18Ȃ¦ŤǕǰȏƏǎ4. "ŻƁ, [Q
S`"ÛŲE`ǂǣðÔþř é3ğřÒū", Ŷ Ɨơ"ȆƆ ǸK:"ðŉþř"ğř
ÒūŗǛ 1/7 q ǉá431, þřt"uƗơĖ39kbT9"Ǯ«
 čǃǮơǰ7Ƨ3Ű , ÜŘĐŻGIO` 3ĸŘǰK:"GIO`02.Ù

3ư14. âǾ , ðÔ A, B"ĺƣŻřǘ#K:"ğřÒū#Ɨơ"ȆƆ .
ǩĖ3Əǎ4. 1, [QS`"ğřÒū#, sðÔ ǩĖ	"
źŷ3. *, ðÔǸƱ1¶ǿPmK 03, sðÔ , ÛŲE`ǂÂ"ǂǣ Ġ
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3Ȃ¦ŤǕǰ7, þřŻŤǕ3Ȃ¦ǰpÆ2, ðÔ"DIQ£ŧ"Ű ., DIQ
Ð"þřŻGIO`"ëŚ-143. RRIV "ǶƄ CAT-AT GIO`#, ĺ.DIQ
Ð"GIO`3, ¬ŻřǘĈ14Ű, źŷ"ŻĐƳ#, źÎ"íǶ#Èȁ
3ư14.  
 nį, þř 1 m3Żă2"Ũã¨Ń?Iğǰ ƊƆ3, ĺ.ĻŐŵŮý"ȏ POME7Ż
3eCmkGIO`1"ğǰĺÚ. 1, ĻŐŵŮý POME" 1/10q
3 .Ǹ61, ÛŲE`ǂǣðÔþřŻGIO`1ğ43Ũã¨Ń?I"ǰ#, POME 
ŻGIO`1ğ43ǰ" 1/2–1/3ȏ¿Ǆ14. 4*, ǶħÐ"ÞŘĐŻGIO`
1ğ43Ũã¨Ń?I#ĻŐŵǆ ŽĖ43aKkuĖ4	Ű, ĻŐŵ
ŮýŗǛƅÛŲE`ǂǣðÔþř# CDM xŉ"éǓ. 1, ƙ 5
Ƙƾǐń"ƦŃ02, ÛŲE`ǂǣðÔþř1ğ43Ũã¨Ń?I" 65%7zǮ«Ɨơ
°-3Əǎ4Ű, ÛŲE`ǂǣðÔþřŻGIO`7éǓ CDM xŉ7íǶ
3afNQƏǎ4. *, pǟǡ2, Ŷ [QS`Ë"ÛŲE`ǂǣðÔ#, þřŻG
IO` Ġ3ŤǕȂ¦ǰ"£ŧ/ĺƣŻřǘ"¿pŚ-142, ıľƚ"ǥË1"Ěƿ
ġ 02 CDMxŉ7íǶ
#, ´į afNQ"3·2Ƥ+3. RRIV, ðÔ
A, B  CDM xŉ 02 2 ōĀ UASB-DHS GIO`7ëÔ½, 44"ğ·āºƳȊ#, 
3.5o USD/year, 58.8o USD/year0% 92.9o USD/year3. Table-7.202, źŷ" 2ōĀ UASB-




 Ǫ þřŻGIO`ġŅºƳ3ƐÃ4.  
 




Fig.-7.12 (a) Power consumption and (b) GHGs emission of each wastewater treatment system. 

 CI
 Wm`Şžŉ0%ÛŲE`žŉ"ðÔþřŻ7éǓ, ĮǅGIO`"ġŅ, ĐƳǋ, źÎ
GIO`"ĐƳŗǛ, 0%ĮǅGIO`"ë¨Ń"ǋ7ƾ. Wm`Şžŉ 3źŷ"
þřŻGIO`"Ǐȉ#ǶħÐÞŘĐGIO`1"Ũã¨Ń?Iğǰ, ġŅGIO`
3 ABR GIO`7źÎGIO`"ǮŽĖeCmkƤ+½6Ǫſ3, źÎGIO`
" 3 "ŻǢýŨã¨Ń?Iğǰ7 88.8%£ŧ3¾ĵ , CDM xŉ7íǶ3 02
21.8o USD/year"ğ·āºƳ3Əǎ4, Ǫ  POMEŻGIO`ǪſºƳ
3ƐÃ4.  
 nį, ÛŲE`žŉ 3þřŻGIO`"Ǐȉ#, ÜŘĐŻGIO` 3Ȃ¦ŤǕǰ
ǶħÐÞŘĐŻGIO`1"Ũã¨Ń?Iğǰ, 0%ğřÒū"ĽǩĖ. Ŷ , [QS
`"ÛŲE`ǂǣðÔ #, ÛŲE`ǂÂ"Žž Ġ3ŤǕȂ¦ǰp"Ȃ¦þřŻGI
O`ŤǕ43 .Ǹ61, ğřÒūǩĖ4ŷş. ġŅGIO`3
2 ōĀ UASB-DHS GIO`#, Ɨơ7ǻ
ȆƆ #źÎGIO`¾ƚp"ŻřǘĈ
142, Ǧǚ Ġ3ŤǕȂ¦ǰ7 91–99%, Ũã¨Ń?Iğǰ7 93–96%£ŧºƳ3¾ĵ
 , Æ¶aKk7ƄȂ3 02ǂǣ"ŤǕȂ¦"nǭ7ǖ.ºƳ3. *, ÛŲ
E`ǂǣðÔþř"Żǧƒ1#, zǮ«ƗơÚǰ ğ43Əǎ4, zǮ«Ɨơ
ƙ 7Ƙ Ł®9H9ÎÑ"9Ci:kLIQfm ǪſºƳþřŻGIO`"ġŅ 
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7ưĔŨã¨Ń?Iğǰ1Ũã¨Ń?I£ŧºƳǰ7ƛ5 , 3.5 o–92.9 o 
USD/year "ğ·ā Ƈă3Əǎ4. ćŀ, ÛŲE`ǂǣðÔþř#, ĻŐŵŮýŗǛ
ƅ1, CDMxŉ"éǓ4Ű, {Ć, Ł®9H9ÎÑ"ÛŲE`ŽžË é






#, zǮ«Ɨơ"ğǰ7£ŧºƳĚƿ"ǶƄčǃ3ĳ1.  

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 ĔŞŦ , ė 5B5µ¸/5=a6bGCJ^d, ŏŋÛīőACIX
őëƀ, ļÉĘ;CøƷƘ2Ɖ, ¯ǈŃŪĳ2Ɖ. ã, ƯÛīőAC
IX2üě, ëƀƘ2Ɖã, đųőīƤĩƦ+,"üěACIXÎ,/Ę2Ƙ




 V`dA5c6bKNA5/eƃř POME őACIX/]=dbACIXÛī
őëƀ,"ļÉĘ;CøƷƘ2Ɖ. ]=dbACIX , HRT 8 ĉƵœï]=db
HRT 45 ĉÄĪë]=dbğï0. ħƵœï]=db łīŉŪČƒëŉƤ
yÅ2Ɖ, ǂƒëŉƤ/ƁƤ+ŻŹ2C:XJ]HR/,., ãħ
ÄĪë]=dbĒģŉƒ2ƫ/á2ô., ACIXz COD ƾ£Ŏ 
96.7%ƄÃ. &, đųőī R]bIdA\bĸſ}ŕ0.  
 eĆ, Ƶœï]=db, ÄĪë]=dbļÉĘ;C/YFbĀšƛ0. 0&
ŞŦ , ÙÁ]=dbǍ–4ūð-YFbœïƩÚ2ĽÇ, 0-2×¶2ŕ
]=db-YFbøƷƘ2Ɖ, ĔŞŦ ]=db2ƎĂ=^HK
, ]=db/YFbøƷƚŲÔ2ċ-/ñıƺŘ2Ɖ. ŶĘ, 
POME 1 m3őÞ.ø0/YFbƷ , 0.351 t-CO2e/m3-POME., IPCCÇ)/ø
Ă-Ŭ0/+, ĈºĩƦ*ǌŶĘå-0. ä, ĔŞŦƺŘñı2ŕ
/, ,.ƚŲļÉĘ;CøƷƘ¨ƀ., ĔŞŦïĘ, PdX96_ŔĞŪ




ƷƘ2Ɖ. F6, SJLXeƃřUbKACIX2úŕ, SJLX RRIV
 , äĖACIXƜǈ/Ƭƥ?CJ2hACIXƺŘ2Ɖ. UbKACIX
/Ûī COD ƾ£Ŏ , F6cSJLX 95%vgƄÃ, k³*ƎĂǆŚ
øī¹ĿƮï0. Ŋ, SJLX , øī¹ĿsÂŅ@XœŔ³ĩƦ
¢
ƖÇ0., F6+V`dA5øī¹Ŀ Ʈï¨ƀđųőīƤ2Ʈï. ŏ
ŋÛīőACIXƜǈ , ÃĪëőƏ/ķơǃ., SJLX»ª , ÂŅ@Xƍ
­ƍƪÓţƏ/vgǃ, ÛīőACIXķơ0/šƛ0. eĆ, ]
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OdJ]HRÄĪëő2Ŵ'ª1 CAT ƈǉ2ŕÃĪëőġ AT ,/ÛīőAC
IX2ƺŘ RRIV  , Ûīőķơ0/ǃ2ÁÕĻ¨ƀ, đųőīƤ Ɲ
ę2ƉÓ»lđ*y
, SJLX/øī¹Ŀ B*Ʈï	ŋİ
., «ACIX2sÓ»Î/ ±ǂ/nĽ0.  
 ÂŅ@XƍƪÓ»ÛīőACIX-ø0/ļÉĘ;CƷ , YFb2ìÇ»ª, 
POME őACIX-øƷ 1/35 ţÚ/. eĆ, ÂŅ@XƍƪÓ»Ûī , COD/N ĩ
10-30 ţÚyń, őƭţqƵŧű*ø0/¨ƀëž-0. ĔŞŦ , 
PVC P6R2ŕůČřļÉĘ;CĽÇƌŽ2|ƍ, RRIV ÄĪëÛīőACIX-
ø0/ļÉĘ;CƷĽÇ2Ɖ. ŶĘ, ø0/ļÉĘ;C, 65%qƵŧű
/ċ-. ŧűƟƆƷÞ.qƵŧűøƷ , 0.0263 kg-N2O-N/kg-N., 
IPCCÇ)/øĂ 4ţÚ. ƺĀ·ÄĪëőACIX , ƋÒƳƵűûƓ/
ń, ƋÒtƧ ÄĪÚy
.Č
, ÂŅ@XƍƪÓ»Ûī COD/Nĩ*y-, qƵŧ
űœïČĕw/nĽ0. ä, ÂŅ@XƍƪÓ»Ûīő , ļ
ÉĘ;CøƷƭÏƘ0/. qƵŧű2ží/, ÂŅ@XƍƪÓ»
Ûīő-ø0/ļÉĘ;CƷ , Ûī 1 m3őÞ.ž»ª, 0.152 t-CO2e/m3-ww
/.  
 Table-8.1  2012 Ø/ė 5B5µ¸PdXį,"ÂŅ@XœŔƷ, ©ŔĞ/Ûī
øƷ, ÛīőACIX/ļÉĘ;CøĂ,"ļÉĘ;CøƷ2Ţ. qƵŧ
ű;C2ží»ª, ÂŅ@XŔĞÛīőACIX-ø0/ļÉĘ;CƷ , PdXį
ŔĞ$%«Ū. ä, ė 5B5µ¸/ÂŅ@XŔĞ , «µ¸PdXįŔĞ
«Ū CDMoĞÑƺÍ/UIbAZ_2Ē/Ţ®0.   
 
Table-8.1 Production of palm oil and natural rubber, discharge amount of wastewater, GHGs emission factor and 

















Palm oil 47.6 2.5 0.351 41.8
Natural rubber 8.7 30 0.152 39.7






 POME  ǌŀÚƁƤ²ß2Ē/-, uƋřǌƩÄĪëőACIX/
UASB2Ưŕ»ª, C:Xßï+÷ĭĲĵŘœ/îé0ń, ĔŞŦ , ²
ß,"ƁƤÍ*Ưŕë/ǌƩÄĪëőACIX ABR 2úŕ, V`dA5³
PdXįÓ»ÈƗƙǋ2Ɖ. òƊÎ2Ɖg, ŏµACIXĒĴŕ*Ĝƕ/ń, 
POME2śû ABRő/»ª, ļÉĘ;CøƷ Ð, ƁƤ+²ß2J]HRƾ
£¨ƀƵœï]=db,/őã ABR ,ő2Ɖ 2 >dC2ìÇ, Èǋ2
Ɖ. ŶĘ, Ƶœï]=dbő2ìÇACIXĆ, POME2śûő/»ª
ĩƦ, 1.8 ǌƩő¨ƀ., ŏµ]=dbACIX+ÄĪëķġĩƦ*, 5 
vgǌƩő¨ƀ/šƛ0. ő2Ɖ»ª*, ABRƅÖC:




 Fig.-8.2 ABRÎ,/ļÉĘ;CĻĘ2Ţ. ABR2ŏµÎ»ª, Ƶœï]=
dbŴ'ª1»ª 88.8%, ABR¡Ōő2Ɖ»ª 99.9%ļÉĘ;CøƷ2Ļ¨
ƀ/ƙŬ0. ĻƷ2ŕ CDMoĞ2Ñƺ»ª, :dTb<`BHJ2 6.0 
USD/t-CO2/, 21.8–24.6f USD/yearø§Ý¨ƀ., ACIXÎù/ơŕ*
°¦/¨ƀ/. °¦YFbŕƨŘǃ2Ưŕ»ª, PdXįÓ» , Ĉ
ƎĂO69VCƣľ., 0-2T6]dňĄ}ŕ, ƬƥçƏǃ2Ƣ
/), Y^HJÏ
/. eĆ, R]bIdA\b FFB¦ǀcƬþ+, ĸſāÔJ]
H<+Fb<ad^dçƏ., 0-ňĄYFb2ŕ¨ƀ0!, ĔACIX2ú
ŕ/ƿÁ	Y^HJ/ž-0/. ŏ´, PdXįŔĞ2Íƞ CDM oĞÀ

 , O69;CŘǃ/-, rã, O69;CŰƍòƊǌƩÄĪëőòƊ2Ŵ'ª1
/, PdXįŔĞ2Íƞą CDMoĞÑƺ¨ƀ/Ţ®0.  
 






Conventional lagoon system 284 0.395 112 - -
ABR system 284 7.9410-5 0.0225 40,900 99.9
Acidification lagoon-ABR system 284 0.044 12 36,400 88.9
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 ÂŅ@XƍƪÓ»Ûīő , đ*ǌŀÚÛī/ CL Ûīő2ìÇ, 2 ġÜ UASB-
DHS ACIX2úŕ, F6ÂŅ@XƍƪÓ»ÈƗƙǋ2Ɖ. ÎACIX,., ŧű2
ƾ
ǆŚ F6øī¹Ŀ2, ŧű COD2ƾ
ǆŚ SJLXøī¹Ŀ A2Ʈ
ï¨ƀ. ÎACIX , şëƀ Ē/, Ƃŧëƀ2Ēń, đųő
ī UASB#æŒ,"ãħƂŧġ2ƖŽ/,., øī¹Ŀ2Ʈï¨ƀ/ž
-0. &, ÎACIX , 1ġŚ UASB CLÛīőÍè., ŠƵ½Ʋ,Ē
ģŉƾ£Ɖ10, œï0Šīű O69;C§.ƾ0/ń, 2 ġŚ UASB 
/ŠīűƽÊ2°Ʊ¨ƀ/. &, ŏŋACIX CL Ûīő ďĪUbK,
Ɖ10/ń, UASBŽ	ý/ǃķơƷ2ÁÕĻ¨ƀ/. ãħő DHS








0!, ŠƵƲŕ UASBÎđ*Ęř., ÛīőƷÀ»ª , ãħ DHS2Î
/ÁÕǃķơƷ2Ļ¨ƀ/. 2 ġŚ UASB ƻ , YFb°¦,"ļÉ
Ę;CøƷĻŚř/-, Ìƹ·ÄĪëőġ0!Śř Ʈï¨ƀ
., ŏŋUbK:Od2ƖŽYFb2°¦/Ćı, đ*ŵĺř/ž-0. eĆ, 
RRIVĠ, ]OdJ]HRÄĪëő2ACIX»ª, Ìƹ·ACIX¿Đ
/ ±ǂ/. -, Ûīl@XĦÆ»ª, ACIXƴŭŪ², ƹ





 ŏŋACIX-qƵŧűøċ-,., ÂŅ@XŔĞ* CDM
oĞ2Ñƺ»ªY^HJå-0/¨ƀëž-0	. Table-8.3  2 ġÜ UASB-DHS A
CIXÎ,/ļÉĘ;CĻĘ2Ţ. ÛīøƷÀF6Ó», ,"SJLXÓ»
A, B ĔACIX2Î»ª, 8.2.1 ŮPdXįÓ»vgļÉĘ;CĻĘ/
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 8.2.1 Ů, 8.2.2 Ů&)Ë2üěòƊ2 Fig.-8.1 Ţ. POME ő , Ƶœ
ï]=db,., POME lƁƤ+²ß2C:Xǁ/,., ãħÄĪëő
Ŏ¨ƀ., Ƶœï]=db-ļÉĘ;CøƷ*Ð-, Ƶœï]=d
b2őACIXúŕ. Ĥ, ãħÄĪëőòƊ , Ûīl²ß,"ƁƤ
2C:Xǁc°¦¨ƀ.,  HRT SRT2ǁ/ǌƟƆƬƥ¨ƀ/
ABR 2úŕ. Ƶœï]=db-ABR ACIX , ÛīlǂƒëŉƤ/²ß,"Ɓ
Ƥ2C:Xǁc°¦/,., ABR,/ǌƩő2¨ƀ, ČƒëŉƤ YFb
°¦/. Ƶœï]=db," ABR°¦cǁ0C:X , ǌŀÚ²ß,"Ɓ




ŝňĄŖĖpƵłűøƷĻ¨ƀ/. ABR őīl ŧű+^bŪĚǊ½¬&
0/), R]bIdA\bĸſāÔ/,., ãħÛīőACIXiƏ
., R]bIdA\b}ŕ/ſĄ?CJ*Ļ¨ƀ/. ĔACIX?bDRJ




 ÂŅ@XƍƪÓ»Ûīő , ǍġÜ UASB-DHS ACIX2úŕ/, DHS ãħ
Ƃŧġ2ƖŽ/Ń, ]OdJ]HRÛīlĦÆ/@X2°¦/Ń2tj. Ƃ
ŧƻ , DHS őīæŒ2Ɖ»ª, TN ŀÚ2øī¹Ŀvh/) , æŒĩ
200vg&, ŏÈř ), DHSãħƂŧġƖŽ, łűľ2Ĺ/ƂŧĆ




2,575 0.072 185 - -
 CAT-algal tank (RRIV) 110 0.157 17 - -
 DAF-anaerobic-anoxic-aerated lagoon
(factory A in Vietnam)
1,100 0.192 211 - -
 DAF-anaerobic lagoon-aerated tank
(factory B in Vietnam)
1,860 0.175 326 - -
Two-staged UASB-DHS system
Install to factory in Thailand 2,575 28 57,300 84.7
Install to RRIV 110 1 5,900 93.0
Install to factory A in Vietnam 1,100 12 72,700 94.3
Install to factory B in Vietnam 1,860 20 111,300 93.7
0.011
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UASB @X,/ƹ¼2Ƽĥ, @X2ƣľ°¦/. 1ġŚ UASB  ŠƵ½Ʋ,/
Ēģŉ, Ŋ VFAƒ2Śř/), ǌŀÚŠƵ½2¬( CLÛī2ő/»ª'
úŕ/. 2ġŚ UASB Ēģŉ-YFb°¦2mŚř/. °¦YFb Řǃŕ, 
ÛīőACIX,"Ó»ƬƥçƏǃ2~ŷ/. DHS  ĦÆĒģŉƵ,"ş
¥è2ƫƉ, ãħƂŧġŧű2ƾ£, øī¹ĿƮï2Ɖ. &, DHSŘœ{ĭ
Ĳ , ?bUCJ, R]bIdA\bŕ/. ĔACIX , ƹƸ·ÄĪëőACIX
2mz/,., őù/ķơǃ2ÁÕĻ/, YFb°¦cŕ, qƵ
ŧűøƷĻ¨ƀ/. &, ãħő DHS2úŕ/,., {ĭĲøƷ
,"ķơǃ2ÁÕĻ¨ƀ., ŏŋÛīőACIXù/?CJÁ	Ɵô
/ÂŅ@XƍƪÓ», Ư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